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i>-tt<ntintmmm • mit^^mttf!ts.mitmmm^m 
m z n tc m&mit m mm <n mit * m m-t 2. it * <d & mm 

fl5IER!fi«Stte»i, fW2 0nm»T(OZxMnl- 
x (ZfiPt. Pd, N i frbm<rS-frfc>pt£< t fci^T 
ft^T-fc *K 0. 4SxiO. 7) frhtt?) ^ 

mam a t tnuR&mamm^mrt bfrtc&mam b t 

*» ?> ft 5 -#<D»*ttJiA***C18-&Ji b TR&SStt 
Sfr9E^«SttBARtJ5BWJ9^»4x WJl3nmaTf 

am t %#i-zmm&tn%)%:m i f-x~hox , 

iffilERSSBSttJf »i, SW2 0nm»T«ZxMnl- 
x (ZI4I r, Ru. R h f>iii£;}Xfc4>'& < t <bl^T 
J^ffe 9 . 0<x<0. 4) *>e>4 9, 
fflSH»^ @ s£Jg tt . MfB#BSt£ * F.3 JUM I- 19; (t *b *x 3S 

mam a tsfrsBR!sssttewj^iR»tp>ttfc3ft«ttBB t 

mrlB5*ffi!ttBAROfBWi?^.|4. ZtiZ:'tl3 nmSXTX 
ltrG3ftttttJ|B<Ott«niVM:. WIE3fi«ttBA«DJ8SC)S 

JlAWBS^IglJPWO . 7fg£A_hO. 9MTtJ)5:t 
T 3 r. £ £4#8S t -T 5 i»*3S 1 ~ 3 <© i/^-rtt^ 1 o |r 

[!f#J£6 ] flfrlE^^B<7?J5^-(4. 0. 8nmJ;(3 
1 ~ 5 <D\,^-rtlfr 1 Ofife^WK^ClgtrL^J^:^., 
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2 

n m £1 T "C fe S £ fc 4: t -T Z> ft* 1 1 ~ 7 <73 V >i* *L 

1~8 091^ 

imxmi o] x«««^wi9c. uttBSMbgAJi, me 

m. &mat>mm. mitnmm. #*tt*ra». m%,m 
mm. Rxfifcmm&m&MrfLHiixtezz. ti^mt-r 

2] gf*^i~i i ©v>fHM oinsmro 

nielli 3] rmmn.'>-.>uh'mt. 

m^MW^Mm^mi- ± \z& it <b nrz ±.®] * 

y f m<Dm&<DW£ifrififd.mHm-£m<omm± v t/h$v^ 

30 •& 8»#J«1 3fE^(75^^-^-y K„ 

e>lWrE**tttM»«:^L-C«riB±lll«*i'-/u KJlt 
i. «HB*«fl:e*«*il**|Pllc*fc1''£.'*»c>lttlB# 

Di >D 2 -*-5fll*Hl 
3*fc(4l 4 ICf5«c<oa«C-^s' K. 

Jfclll 3~1 5<73^-f^^lO|CfE«oe^t— s/ K. 
[f#*^l 7] IS*^1 2~1 6OTV>i*^^10lCSE«t 



(3) 

3 

[8»**i 9] m^mftz&mi-ztiito commix v& 

[0 0 0 1 ] 
[0 0 0 2] 

ffiJn^S (MR) *r3pjfflbfc««^y K (MR^J/ K) 

( rwbHMj , rg^iij *>svm4 rt'^jfj tn* 
Yk^J:t>s*«««a:«!i* (gmr) J^n^v^ 

^I^ftl $*bX</>5<, 
[0 0 0 3] fiilOMR^^ LXI*. N i F e^&fcifa* ^ 
&tt*A£{£ttftJ&ffi»jMK (AMRI) ^AX&^BI 

%)$k (gmr) zm^^tcmf&mtemfx^iy h\ ep*>gm 40 

[0 0 0 4] M^GMR^y Ktt, Wb&fiB (7^ 
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[0 0 0 5] «ft@*«Sr««JK^S$:#LTK 

Ji:?^ y (jysL rsyAFj, r^^-tr^-fy 

^ afj Sfctt rs3S«tt@*Sj £f*i-5) 

titt^ M¥7- 1 6 9 0 2 6fM) o 

[0 0 0 6] BP*>. r^«^kB#S^2o^5fi«ttJi<0 
^tt1±*IHJ|fll&&tt1£JlA* SttttttJBffil&ttttttJI 
Bit6h »^ttJiA^5*«ftSBO«^J?. bp*> 
IfxMW?ll/>SyAFm ^ttliA^» 

[0 0 0 7] 

[0 0 0 8] SSll-. iBtfSrrfiJiS^rSfeJ?)^^ 

[0 0 0 9] S2II, ^n^arV^S (Tb) J£A_btf> 
«rm (ESD) i«^GMR|^llSAt6 hmfflftlZ- 

f?3 fcfcl-li. T b£A±£-Cifi«*±«f X* LHSy 
A F *»/*^6«*«*JB*r* lX(OK3»8tt*dIi|L 
Sr±lB]S»tM8# (MikOeW) ^jfJDt^^dr^ 

^^N»cl£«S:flfei:xK3Sl«ttje-&*s(ST-re, 

[ooio]«4ii, «a«±#s*^tt«x««tt-&Ji 

Sr^bX^K»«tt«^«**±ia53Sv^«* (WBBV 
9- 1 6 9 2 0tMT'lil5kOe) £ *D ;t 6 £> 

[0011185H, tr^Bi!i*3^xKMi«tt»^3ie-& 

osyAFi:t5i, K&m.mz.i&i&-rz>frmz.mkm 

■ iftSiv^BB^^'Tft. lit, 
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[0 0 12] me\Z s SyAFWlX-fcott^ 

[0 0 13] «±^I*Lfc6o<&ftm£l;i*D;t 
X, (l) HfRttftSBi^ HH:»a^ot^Ts-^l: 
^tt) , (2) W£«fioj:9-Jitf>|fi3±«:BS±-e 
MRfftf^LTl^, (3) ikK^§/iMR| 
W#P)^5Co F e^Iif-CSSiSrlS^Lfc 
»*l:85iH»^-esf % A»ft**«W*a*»&;frft i0 

[0014] *389!ttU ±38 Lfcffi* opjSofgf&lcS 
[0 0 15] 

[«l«r)H»tSfcft^a] ±EBWSrl*t6fcai) 
ic. *»Wo«««StS»**T-*i, INI 

li^aitt#it$2o»itt#s^ mis 
[ooi6] ±E*ritfc J: 9 . ft»ft»<-< r *#>f >- h 

[0 0 17] -kfE«/£<DgH: LVN*Jt^*ttt LT, fift 
# l 0 /* Q cm^Ttfc^^i^WtSriia !K 

[0 0 18] *fc, ig&filE^ffl. «3J:tf^ttttiK*m 
H i c J: 5 * fc c v 7 ^ / u ^ - 3a * I c X 6 M R X it * ± #?- tf> 

s»***m-rs<oiciaufc»j«k it, s&ESSK&sra 

[0 0 19] jE«-5-«#^*5Jt-5l¥^ffi*^J(6>l* 

MJ: ^^ti6S»^« (V1-V2) / (Vl + 
V2) ^ ^-T^^O. l^±^^^0. l^TkftS 

HfrfE^^t£iib^ms^^J?ktfrfEm2^^ai4 ^ 
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6 

ttu L t S y A F *»ffl 1 6jfil*tt4 < , mil^t 0 
yI$:ffl^ttSK 3. 6nmT^Tt\ 

0. 5nmT^±(7)^KlO»lt'yl^ffl^6r^ 
#S£Ll\, 3. 6nmTa±-efi±IELfc*#»ttS: 

sss-rsr b&mm-chQ . o. 5nmTaT-enMR 

[0 0 2 0] ME^attii5^«jicDKJ?^ t (H 

CD (::xu itfiRiO/iQcm^CultM 
Ufc) . WE*2<^3ft«tt«:Jl^o«rE->»^3ft*tt# 

tltm (p i n 1) , tm(pin2) (tm(pin 
1) > tm (p i n 2) k Lfck # J;i. 0. 5 

nm^tm (pinl) ~ t m (pin2) + t (HC 
L) ^ 4 n rru &o t (HCL) ^0. 5 nm$rfflj£t 
6^ tZftrnt-fZo roH«Sr»J£-rtttf. tm (p 
in 2) = 0-r*fc>*>WI<£> f^lSrffi^XtS^o ± 

0. 1J^±-C^7^0. lJ£ATkft«9, J_oB5MRj&*H 

[0021] *fc* «irE»i^3ft«ttfrJitt. *<omm 

[0 0 2 2] ffifE*«tti«»«JBtt. (SHinl 

akVN5*f*S:»ia«^-6<Olc#fi]kftS* (Cu) . 
& (Au) , « (Ag) . ;V=r~<}J* (Ru) . >f y 
?A (I r) * (Re) , Ov?^ (Rh) , 

6& (Pt) , (Pd) . T/U^^^A (A 

1 ) . it 7s ^ *A (O s) Rt*=y*vl' (N i ) <fc t) ft 
S#a>e>3»f«x<54>ft< i L-^^^MTtm^^^^M 

[0 0 2 3] ©Hi n*3j:tJKtt«tt«?ttfH«lOfe 

fcfc* ffiE?Etttti««ttJltt« '>ft< k t>2Ji«±<DIIJt 

[0 0 2 4] C<7)«®^^fflV>5»-&(Ct > , MLtS 
yAF4»fflt5^SI±4<s *I<7)fc 8 yl«rffl^tt 
S^o 3. 6 n mTJ^TT% 0. 5nmT^ 

3. 6 nmT«±-Cli±EUfc^*t*tt*?)|J£-r5r t 
^ffllSTfcfp, 0. 5nmTJ^Ttlj:MR^W^L 
</hS < ft€>*^T**>5o 

[0025] ^fc. ffi&mmm<n o *>x~ff!fcm i <n&m 

*tt*a^fc«)^»*iifftt^»»i; tr^ (Cu) ^r^ 

[0 0 2 6 ] ^fc. WEaBj»o5*>-eSftE«l^3S« 
ttffB(!:»Uft^fflld5, <£H i n, {£H c u x 
*ttfflWcW£«nfctt»* It, /u^-^A (R 
u) . (Re) , nv^^A (Rh) . 
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(Pd) , (Pt) . st»i?$J* (I r) Rlfi* 

(Os) <fc 9ft6«^feaitftufc**< £ t>- 

[0 0 2 7] fHcu, i^MR^L^OHm^fc 

[0 0 2 8] {£H i n. iSMR^fc^Hm-f 6 

ffi#«tt=i«i*«Si:SLT, (Ta) N ^*>- 

(Ti) . (Zr) , 10 

(W) x /n^^^A (Hf) ^t^^y^-T^ (Mo) <fc 

[0 0 2 9] iBMR*flS*fc, *Rtt=H«G>fc«> 

fltrlS«10»«tt#:Ji*i % sy^R (NiFe) 
£-g-tr&&JI£ a^/w h (Co) Sr^tf Jl 2: ^flMR^ 

[0 0 3 0] *fc, i^MR^b^, fea^^m^fc^ 
WESB l<D3ft«tt«:Ji«. 3^h« (CoFe) 

[0 0 3 1 ] ffiKSfS2 0»«ttfWiO«teB*tf> 

81411X9^0. 5nmTWX*3. 6nmTWTX'$)5 

[0 0 3 2] ^nir*f»*&3g^-Ct>S$MR^ft:* 
«Ofc»l:, (WrEK!H«tt#Ji«)»»k LTs XzM 
nl-z (rrX-Xfi. ^!)v?^ (I r) x /Wx — £ ^ 
A (R U ) , Dv?^A (Rh) % 6^ (Pt) . 

(Pd) (Re) J:9ft-6»**&atf 

6o «fLt)SyAF*Sfflt*Mtt 
llOfylSrffl^ttfiK ^OS*. 3. 6 
nmT^TT\ 0. 5 nmT^±(7)^li?^*l t°y 
iS:lV^Ct^S^U>o 3. 6nmT^J:X*H±iS 
^tzftMW&Zffi&lrZZb&mm'Ctb*) > 0. 5 n m 

[0 0 3 3] i«MR^k*Srj»-r*fc«)^, WIS 

m&mtitm<oitiWrb it, xzMni-z (::tx 
fi. (Pt) RXfi'tyi/'ZJ* (Pd) J: 9 ft 53*** 

0®T-%«±6 5JH^%^TT^-6) Srffll^crtSrW 
COi^Ilk WLtSyAFSrSltS 

3. 6nmTaK\ 0. 5 n m TJ£Jl±<7)S£^J?<D ^ 
if^Btffll^Ct^tv^ 3. 6nmT^±T* 
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5 nmTWTt(lMR^W^fl</h^ < 

[0 0 3 4] HMR^Wmt5Ch ^J: 

*5J:tWKH c u^H^tSfc^l^, S&IE 
*«tt*^-<-*«f±. M (Cu) Sr*tfA«Ji^6ft 
0 . K-o^^mm^ l . 5nm£Jl±2. 5nm£ATTr£> 

[0 0 3 5] BiMRS:IISi-6r.fc, *5J:t^»E 

5«ftBlff^Sd s 0 nmT£Jl±2 n mT«TT*>S Z t 
[0 0 3 6 ] WIB-»^aS«tt*BiS:S»«ttflc 

w^je^-r^Msssg^Rji. /u^^t^a (r u ) 

9, Io^(Oj8f^O. 8nm^±l. 2nm£AfCife 
[0 0 3 7] 1 ^38W^«f&«gij»* 

SAT 4: ft 5 J: 5 ir*«BB*SBlR)**tTft6C fcft«»t 

[oo3 8] ««nojB2(D«n<o««ettja^^ k 
nmm&2 o nm^m^ 200^^*3*1-5^^5* 

«tt«Bi:O2fl58Me^3e»J*S0. 02erg/cm 2 
[0 0 3 9] *J8W0JB3 0J8M«)««»tt;a*^5y K 
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2 0 nmPJim!) , ^oZ x Mn H (Zfi 
I r , Rh v Ru, Pt, P d , Co, Ni frbM&tl 
fc*J>fc< t fc l*T*fet). 0<x<0. 4) , Z x Mn 
l- x (ZttPt, Pd, N i ^t>5Bfiixfc^*< t h 1 
«-e*>«9, 0. 4 ^ x ^ 0 . 7) , £fcttZ x C r i- x 
(ZflMru AK Pt. Pd. Cu, Au x Ag, R 
h, Ir, RujJ^ItftlfcW<Hlf, 0<x< 

i) <o&te<hi>\*^M*im*^ts^t*®mt-rz> 
[0040] *»MojB4<oasw<oat««sta*^2y k 

rasfioo^ttii a £ Htrf2R3s^ti®iRij^^atiii b a* 
MJ: 0 fc*vMl«iniH«:*i-*.w ^ Sr»«fc-rs«*a 

[0 0 4 1 ] fc*5. ±a 1 7I>M!g 4 

[0 0 4 2] ZttftrntDmSLT* 4 K7^^Kt 
IS, ±E<0*»W^«««ffi&*^s/ KSrAfltLfcC fc 

[0 0 4 3] S6^*»W<D«««gtSJi*^y K^KJS 
[0 0 4 4] *^0JooteO^ffil^S<5<8^gfci 

MiT-fi, bt>im<Dft»&*mmt. we^ 
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**-T-^*5i^-C. WE^tr^^^^Hltt. SfFEBSttJitf) 

a*ipj±«^s5E«tt« t &5iMM<vm t &-rz>Tt&m 

[0 0 4 5] *fcfi, ^JSM^BSfteSia**^**. '> 

LTffiSStt^/>*< £ 2jf^8ttg^^^"re^t: 0 
w<;^SI:, «fE^fcrw^/u^M(c-fe>x«acS:«j|& 

*lRj±JB^SSi-6mE*ttJIS:±i: UT«J«-rS5£*i: 
^H»T*>6fc*lc x WE«««»ia*lRj±JIf*^*< 

[oo4 6] *fcfi, ^asw^aftsetja**^*!, '> 
*< ti>im<o&m&*nmk. «rE#«tt+iHJi*^ 

w^/u^JK^, WE* ew^^jgllci? >*mm*&1fe 

*»<&»*tttt*:#U ^oiWE«*«ttSfc*lftJi«4: 
i--6WE3*«ttW*±A: Lt»*t6S*l:*H*-C*> 
[0 0 4 7] r^T% ±ELfc3«<0««»tt»**^ 

t^^^aot, *^-^diffusivett»a**?Bu. 

5^ teki>i>tcb1ri><DX-&>Z> 0 
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[0 0 4 8] iiBufcaaoasiseia**^^ 

&*>&ft5»fi\ Cu, Aufc«t^Ag^f)ltfW> 

ft6»-fi\ Ru. Agii3J:r;Au^t)ltftt<5*4<t 

*(p]±@iCfiC u % Au, Ag, Pt, Rh, Ru, A 
1 n T i „ Zn, Hf, P d . I r ft ifOTClRSr^tf t 

[0 0 4 9] «««gta*fP)±Jl^&SSrigffl-r5# 
^ ^^^MtS^irLtliAuCu^ PtC 
u^&, AgPt^l AuPd^l AuAg*4ft 

[0050] £ ibic. iEufcaacoaat^fitta**^ 

ZZtiZXoX, «^<&diffusiveft»ft*Wi»U 7 

ittt»KlttS*6it«*, at 
[0 0 5 1 ] ±]£LfcJ: o ft*XH<OttM&tt»XJR? 
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[0052] m<omi&mt lth 4>ft< <t 1 

ft< it> 2 ltE«ttl0)9VM< fct 

1 Ji^«{t;S:H#-r sK3*«ttJi t *;rr 5 * tr 

ttT^«9> d^oWtB«««tta*rp]±JifiC u. Au. 
Ag, P t , Rh. Ru, A K T i, Zr, Hf x P 
d*5J:tM r a>fe»f*h,Sd>ft< fc * 1 

«««tta**^^*»f fettSo 
[0 0 5 3] *»w^*3«t**»»«a*iRj±»tt. tt 

<b ft £«tt«OttSCg«P(C*t ttt)ta i-«S 
it^c CuT»i*»-eiiMtfCoFe^ 
A<o*^MHl36S/hS<ftDr^ ^AuT^IWf 
liC o F e ^Ofe^Ffli*5^§ < /j; ») 5 o -tu;L 

»U, -h&LfcJ: 5ftaJ§R^-&&JI&ffl^£ r £1:: 
iot, jKtti^ ItOC o«C o F e §44^C o 

mm&ttnzi&m&^&tefe+rxm. -rftt?^d (1 

lDfa+mmZO. 2 0 5 5 — 0. 2 0 8 5 nmW« 
[0 0 5 4] ^tfw</u^JBt<o«pttrpj±*HS 

co#£,f|^#T*teft< . l5£/^ffirtEft<0i^ftj&sftl\ 

Ki: t^5-«#«5ST-*>-5r i:dsa*L^o £<&J:5ft 
Wi/^y/<!)y^y(D-«am /MSASfc^ft 

c c (111) sar*]£-g\ ^oBtffirt^*5jt-5ttfi»wi 

[0 0 5 5] 4fcfi N *3BM^«ftC«SiS»**^tt. ± 
}Zl!UfcC o F e-^^ft^O^SI^A u -C u^^^Au 
5^ /Cuffigffi[T-<S®*rSSW^S<5< t^-C*>9. ^ft 



13 

itjjfafcmit-rzm&mn f cc mi) se^lx^ 

"9 , d (111) &+mm& 0 . 2 0 5 5 n m«l 

[0 0 5 6 ] ±tf> L^a^Cl£fct^I*mT*ICio^X. i&tt 
il£> d (111) t&^Rifi 0. 2055-0. 208 

[0 0 5 7] ^mm^m^y K^m^lE^Stes -t 

m u m <d «ftjgts$a**^ *m ^ tc h <d x$> z> 0 

[0 0 5 8] ^^P^^^lf^gt^coa^^^ K«U Tffl 

[0 0 5 9] *»M<7>«ftt^5/ KTyty^y (i, _bfS 
Ufc*»MO«lf^«ia!^««^2x Kfett5^y K* 
7-f^£, ttB^y K*9W ^*«»«Sixfc*^'<^*> 

[0 0 6 0] 

(SB i ^JUJSco^ti : 7 y -B^»^{b) Slate, 

y-»©»BMkj \^m^%ftw<D'mm<Dj&m\^^xn 

[0 0 6 1 ] ::t\ *»M^Htto*»^ovNTBlM 

b. p. = 5 0 X (H s hift/H s ) 
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[0 0 6 2] ^StaM^l^^tlj:, ««LfcJ: 
MRtt$(^7 ^KflO^X, 7!i-i^)»Hb 
(Ms*t««)«/» lCj:oT*«*«*Hl±*Jia-C 

SfcEtb«LXfflrtf±*8*-r*o L*»U 
[0 0 6 3 ] mi <OfHJB£ lt> ir:/x®2i£i§®B#cQ^ 

tt) #xx#fc!K *6^«<ftSfcai*^^^< 

^ [0 0 6 4] ^2(DPp1JS^ IX, KMft7y-14: 
ffi»fc-r-5£, MRSe^*s*«lc«Ti-6BIH*ffeC 

[0 0 6 5] 0 7 f* x ^±^ij^ Lfc 2 o<DBf|HS:|ftM-r 

WHtt, ttftSfitSb 

u i^m (a) »7y-iMi>i^ ma (b) H7 

7y-B*5»< ^-5^, h7^77^"^fi 

[0066] ±.umm<Do^>. mzs<^Tx#'Ob\z 
m-rzmmn, mmm^^^tixt^B^nmmx^ 

irdSX#3t 0 WTl^^rxW v h oft IS ^HSfcKo^ 
[0 0 6 7 ] x^>f ^ h«> 7y-/iicAD^5m 

^ ^*^««#^J:oX. '>7 :^*>7Ht 
1. (H cu ) > 2. f ^Ji^^<0»«# (H 

pin) > 3. x^-^Sr^bfefc-^g^^oBPajg'&a 
# (H in ) , 4. ^-K/M7^«^e><OliS8# (H 
hard) LTffiiH-rSilfcj&sx^So ±|E1~4 0 

K*<O^X% 4. K'MT*«jmJfctfc«J/>3 

[0 0 6 8] 

+ 50 ( 1 - 1 ) 
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Hshift = — H i n + Hpi n ± H cu 



H d 
H 

H, 



free _ _ 2 



free 



pin 



= n 2 



H k 

(M s * t ) f r ee/h 
(M s * t ) pin/h 
= 2 7C C X I s / h 
= ( I 1 - I 3) / ( I 1 

7^ 



r^-c\ (1-1) ^ob. p 

r^TK-f^h [%] -Cfc^o §i§'<-r T*zK>f V M*5 

[0 0 6 9] /<-f r**K>f hffl^Ti/y h y — cobi^ 
fi N /<-rrx7K^^ M*4 o%k:&o*:£ #^fiT'>y 

h y — + 1 o%(-*9> ^rx^y o%(c 
teotct r >y h y -a*- 1 0%SSi:/^ o 

4 0-6 0%X*li/i<, S»±3 0-5 0%*5gig^^ 

[0 0 7 0] H8fi, M-fi^tfVM r*JK>f V h fit <b — 
5/ KOWfe«*tt«oBB«4r*-r^97H-C*>6 0 3 0 

[0 0 7 1 ] Hshiftf* (1-2) ^T-t^ilSJ: 5 
tC. 7 ])—m\Ztot?Z>&mft<Dlft [Oe] t^5o Hs 

[0 0 7 2] H9fi. rjft,fc<D#«#o|»ffi**^»9i 

[0 0 7 3] H d free ll fo^MR^^f hfiTO7y- 
i^EI#t^5o hfi, MR^ S/ f hfi [^m] T-£> 
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(1-2) 

(1-3) 

(1-3-1) 
(1-4) 
(1-5) 

I 2 +I3) (1-5-1) 
#-C£><5o (Ms*t) free^x 7 J h-^/U© 
«aft«#M s £lRJSU<0«-?*>!K (Ms*t) pin^t" 

[0074] n cu n. 7 y — «jc*pfe6m«ias#-e*> 

0, I s f*. ir^*®flc [mA] t?*>-5 0 * (1-5- 
1) ^43»t5«»C«, 7 y -«<&±T<BHlc8Hx*« 

[0 0 7 5] B10H «-Jl^«^5m«5>25fc I I 3 

^m-rm^mxh^o 

[0 0 7 6] rr-ettWi-5ff*Tf4. «!¥«>fc«>l^ 

r^a>ib> * <o «r« :/ 7 i o%asteffipTfg# 

thZ> 3 0%-5 0%(D/<-rr^/K^^ hfi^kC5*sft 

-cWfcftfc^-f > ht3 o%—5 o%t^^bm 

so tmmxzz> 0 

[0 0 7 7 ] £XT\CMrfcW)\C^ik X&btlX 1/^6 * 

'^Axzfm&m^kox. ±mvtz'<4 r^w ^ httn 

AF/il) 



Ta5/NiFe2/CoO. 5/Cu2/CoFe2/IrMn7/Ta5 



Ofilinm) 



(1) 



±12 (i) x^>>s</u-7<DffimMy£*m^. 
nf&-rz>7Lmtmm (nm) isit^s, c<^tt«« 

[0 0 7 8] ±5* Lfc ( 1 - 1 ) - ( 1 - 5 ) 5£<£>/<>r 
(1-5) *<D«Slt«*T-*>5o (i 



[0 0 7 9] #Jl^jt»gt«:*«>6fe«)^, _hlE«/£tf> 
WS^7^^'fn2nin4t^fcJ8*»H 

mm 9tM <o mm * x % z> a v * § < -r e it & « , ±t 



(10) 
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[0 0 8 0] r<a#Mfe-e#«>fc#S(&tt:«ffite. ttitt 
?*fi-VHtito1z (l-5-l) ^i«^«JtcJ;^ 

[0 0 8 1 ] ^Jico^^tcj: f9#il^tt:Sfei^*^fc^ 
I, NiFefi20/iQcm , CoFelil 3/i Qc 
m , — IrC u*i8/xQcm % I rMnli2 5 0 10 

ifc^t y a IcoinT tSBIMbft^)* 
10 0/iQcm^Kl/: o tf>fllS:fl§^X*Ji£> 

mst^ffiit^^^x, (1-5) ^icj: 9m«ca#H cu 

[0 0 8 2] H in (^ffi^ LXJ2, Haitt<E> 2 5 0 

eSrffl^feo Hpi n fi (1-4) £ 9 3ftfcfc 0 
[0 0 8 3] £<DJR»jfi"C*fi. fcr^affdsffi^^^^ itf 

*#ftHp in £*£ftm^#Hc 

[0 0 8 4] •feyXiI^4mA^Ltt#|I > ±fE<7) 

^1 : JtfiMl ^W^W^X^fcjftfc'M T*#>f ^ h 
MR height 

0. 3/im 7 0 % 

0. 5 /x m 6 1 % 

0. 7 5 3% 

il^f)b^J:^:, MR^^f h0. 3 — 0. 5 /z m 
X-f*'M T*#>< V Hi 6 1-7 0%t?*>*K tfg-h& 

Ta5/Cux/NiFel. 5/Cu2. 3/NiFe5/FeMnl 

2 6 3 7 3 6 0f, *H#fF!g 5 4 2 2 5 9 1^, *g 
#1^15 6 8 8 6 0 5^/£<!;'£^if5 ~ <h^X#<5 0 
[0 0 8 9] ±12 ( 2 ) OJBli, *H^ffm 5 4 2 2 5 

9 1 j§r\zm<$< * fi/^/isymnmi&Mx-frZo z<d* 

trw</uyiK(ci3i^Ttt, 7 y -JIcd;*^— -9-c u tit 
rail:gl/cCuf^f<tt^<:^:J;ot, r 

<b**s±#ur*#, ¥*&a*fT««±fccu***< 
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[0 0 8 5] El 1 1 IS, ^JfcttWwfctt^AWr*^ 
&m#>Z>t'<'(TX7#<<^ infill (50% 

o#tfSXXL£5o CWi^iMR/^ h tf) fi£ o # Id 
So £*ttt3£ttttfc^;trt:. Ell 1 KSLfcJ: * 

# & t°>mmmfrH pin **$ ^mmm^n cu x^^ > 

[0 0 8 6] ^WT^sK^y hW^JCt>*it;IS0!l 

(dm R^k*ds««i^*{fc-r -5 r t tef%m t & 

£0 Jttfc^l 1 tf>»JSfc"Cte. a s - d e p o (as 

-deposited : *i©L^i*^cD^^) XMR^b^fi 1 1 

*5. 6 %t a s - d e p o 

[0087] t°^/^/p^(^$5^Tfi 

(ESD : Electric Static Discharge) <D&fab 
t*fflW-Ctt*l\ J; < Sqib*LXl><5 J: 9 l-s ESDI! 

So 

[0088] £Jl±<oct^e>, tb««l^l«tts i^^S 

V>C £dSfc>7^£ 0 tb««2 : ^^^^5 4 2 2 5 9 1 
(^ t:°^7^yU^-^>«9 x^>-i?x>r y ^ AF^t) 

1/Ta5 (^4finm) (2) 

[0 0 9 0] L^LfraSib^ *S^f ! f : ^5 4 2 2 5 9 1 
-^-t-S^<±IS (2) ©^fy^R-Ctt:, 
^^O-h, *5J:t/MR^k*^iB!Rttti/^5s ~o<Dj& 

xmmz&zzmm&bte^x^Zo 

[0 0 9 1 ] tf, A>f7^*-< > h ^^5«^icBiL 
Ttt. *ffl«p*F» 5 4 2 2 5 9 1 -g-tOMW^^^ttiaft 

ts (2) ^HPJJ£HK(0^5/ K-Ctt«ffl-C#ftt>fl| 



19 

[0092] 4-f««E«*H C u*^ M8tw\ t±<mm 

00/iQcmi:fi^L, F e M n I i 2 5 0/zQcm, N 

1 F e |i 2 0 tx Q c m, X-<-tC u Ii8 Q c m, T 
SSCuttl 0/iQ cmi:|ISWl:*^ofcMl^ 8 

*IBM#oil«jcj:-5jft*^ It 1 5 O e ~~ 

2 5 O e tffthihlto iotrrtfj:, H in £20Oe 

[0 0 9 3]i^t^X^, h^**«T w =0. 5 M 
nu MR height= 0 . 3~0. 5 ii m<D t # <£>fii$£fiffl 

MR height Cu Onm Cu 1 nm Cu 2nra 

0 . 3 fi m 1 2 6 % 1 4 3 % 1 5 6 % 
0. 5/im 1 1 1 % 1 2 7 % 1 4 0 % 

Ti&C u**s^o<o»-&-e*±, '»f hO. 3 — 

0. 5 jj. mX\ s<-<TX#^ yhdU 1 1 12 6% 

sr. H>^6o 

[0 0 9 5] @12ll h7^^77-^-^fci 

H10TOI 3 ^<4^ (1-5) sCKJ:') 

Ta5/Cu3/Tal/NiFe5/Cu2. 5/Co2 
4$IH§¥1 0-2 6 1 2 0 9#IW«B*(CM^$tvTI/^± 
IE (3) <DmV&. Ta*^LT7y-ll:»ftt5C 
uv/tVMd\ ifct!!«2-C^Lfe*i«»f»5 4 2 2 
5 9 1 f^j; 5 l:MRl»^tV7^^-aM 

£*>J:5&»Sfi, (3) <Dm<D£? 
Kite, /M7^/f^yh, ^iU?MR^b*^v>5^ 
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-YT*^ is V* 5 0%ififiS^§|#Ttf £ 

[0 0 9 6] ai^J: 5*«W*fi^fctt*. Gu r n 

[0 0 9 7] MRa^b*<0»}Rtt£^5«^ 
^)^tt> *H^fFfS5 4 2 2 5 9 l#OBtfl|5ffl»* 
K^lifto-O^/jTl^o a s - d e p o -CG9MR^fc^<7} 

m^mmm%^ 422591 ^(cia«t^*>6J; 5 1-. 
hires' Kf^K^o^^taMLfefRsaa^^^^-c 

[0 0 9 8] H(RUl, G u r n e y l&ftn'mifoM^Wk 
(±12 (2) <om l-i 9iil**r<5£. TifiCuI^l 
nmtO £ # a s-depo fMRSft$^ 1 . 8 %X* 

fT5£, o. 8%*-e*ftt5. J: 5 fc. r 

J:5o rttTMi. S&^MRffi&Sim^aouiBKfcffi* 

Jttfcfll 3 : WBflsp 1 0-2 6 1 2 0 9^ 

. 5/FeMnlO/Ta5 ( m<4 f * n m ) (3) 

[0 0 9 9] ^f, /MTX^yhlCOV^tt, It®! 

0»2<o (2) (7)^T*^ Lfc <fc 5 8i»^y— S^r^^ 
40 tH s dSMl:/hS<iofcf^ ®*B£#h cu £t{&^ 

r^wyMi^Tt*^, ±ia (3) <0»igas*r& 
T^fc^o u^uft^fe, ±12 (3) <ommf&x7»-m 

yh^t§/^\ o^«9 (3) o«*oBt-eK«* 
5^ t. s<4tx#<<> b&y^xmiz-rtizz t\ztez 0 



(12) 
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[0 10 0] ^nztZTF-rtcft^ StiSlcj: 19*46 Ac 
[0101] 

S3 : tt&m (3) GQJSIX^MT^tf'l' ^ h 
MR height NiFe 5nra NiFe 3nra 
0 . 3 fi m 8 6 % 1 0 8 % 
0. 5/im 8 3 % 1 0 4 % 
0. 8 1 % 1 0 0 % 

ZZXUinb LXfl, 1 00 e H^tt^l^fco S3 

itK« (3) ^M^ltmt^tNiF 70 

Jf N i F efg|/¥^3 nm^«< ^^^^t^f/^TX 
[0 10 2] mi 3fi x *itK^J{-^frt6/<^TX^-f 

&ig/MT*zJM > b&tjt<DX\ ±12 (3) (DMm<D± 
[0103] £ h (w N ±12 ( 3 ) (^^it^^em 2 

^^^k&^tf 5: tfrx*$z> 0 Ttet>%s (3) 

frX^£ J; 5 KMRfDX \f^y 4 btite 

J: 5 *7 y — JB# 4 . 5 n m^TO^SigcTML 
(3) ©ia^R-eiiMR* ft**5«T IT # T I* 

[0 10 4] «±2^<^3S*^J: t>, ±12 (3) (Dfilig 

x. Mm^v-miz&^xtem&nmtotemmf&ttete 

hte^Zb&frfritZo 40 
[0 10 5] ifctfc#tj4 : Xfy7^^^-^tx^yt 

Ta5/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/IrMn7/Ta 
5 (UM&finm) (4) *lt««!^*3 V >X 11. t°>^ 

Lfco Ru (/Ux-^A) *^Lfc2Jl<D»««=Jitt. 
T^^y^v* LT^5, 
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e>jHfRtt*srpj±-r-5o Kicifc^fcjis 

V H3±TOfc?VJitf>M s * t O^ri*^ y h^^- y V 
- 1 6 9 0 2 6f) 0 

[0 10 6l«t^ ltRW»^l«y h^)k»? 

*sis-e#5, asn^ti. ±T^t°vji^iRiCM s * 

*N&<offi»:7y — gic^Xf*. v^irv 1 ^ af» 

[0107] hi 4»*. *tb««tc*j*ts^>rr^#>r 
<o«jBt»#^«a-fe^^-^e>*# < n-rtitzb c^ic 

ttlLX^efcft, «8K«*H C u*i*«^**^ 0 H in 

2 0OeggX% eyia«#ti/ytf^5/^ 

mffi&M-tb, *#4ia«SH cu lwJ: 9. m«^*iir 

[0108] *Jt«0Jl£O^-C<D^>f r^^-< v htt© 
[0 10 9] 

S4 : tfct55CT4 0JK^tf-SE^J: Q'&hthtc'^TXtfJ 

V h 

MR height H cu T H pin T H cu I H pin T 
0 . 3 n m 8 8 % 2 2 % 

0. 5/im 8 0 % 1 6 % 

0 . 7 m m 7 3 % 1 0 % 

^^XH in b IT2 OOe t^5ffl*ffl^fc 0 

^tK-T > h*±3 0-5 o%oisria,t5^i:^-e#ft 
[oiio] ^offiigx-v^^^ h^r^^i^fii 
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[Ollll 4fc, 7J -«0*^-1^£R**fl8tf>ffil:: 
:7y-I<Dfc#fcf*MR*ft*as*fbU iS&fiiS^ffl 

[0 112] J^±^J: 51^ ✓MTxtf-f >- k mat) 

[0113] sx±m&^tc±o\c^ *»w#fi. jtttffi 

lot 

[01141 81511, W»Lfc#*fc«^o;*tfw</u 

<t)^ y -if ssititfcK ioosifc^7 7H-ek 

[0 115] C^U^LT. l^fht-Ms 

[oii6] ztiizML-x. z>*&w<Dmm 
mm. m s * t {ztt-rz^^ > v<DMW)frfc 

[ 0 1 1 7 ] 8 1 5 {C*5V>T, ItftW 1 KM LTM s * 
t a* 5 nmT^±^^/j:^>z,T't)figl(0/^7^ 
tK-T yh^3 0%- 5 0%^(6B»wttt^oTt^ftl^ s . 
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tUtl/^E»«fiWMR/N^ h*0. 3/zm— 0. 
[0 118] t>ftliatt)Ms*t^5 nmTJ£JlT<£> 

mm^^ox^fck^^x, ^m<omkitmm<Dmk 

[0119lHl6tt, ±m LfcJfc«09 1-4 

[0 12 0] Jfc«09l--4tf>JK£. *&W<DM 

MM 1 tf>fK<£>M s * t fi. 7 y —!§<DN i F e j^J? £^ 

^fci^^/i^S^U SI*«2^Btii7y-B^Co 

^ -<X 7 k O e 0O^^*"C2 7 Otfl O^f^O^u^^ 

[0 12 1] ifc«0![2 fcUHKMl* 2<£>i«a|®J§ 

liiJ?2nm(DCu«!:Lfc 0 7 y — lOM s * t k b 

bfc 0 7 y -§WM s *t t LTIi> NiFeCO 

MslilT, CoFe^Mslll. 8 T k t^X 1 
TON i F e&g^lSlffT^L/Co 
[0 12 2] 7y-JBI-*-rsj«*«JIS:*U*^H:« 
Ml, 3, 4<Dmx*n. 7y-|^Msn^^</ < i: 

&mi%-rz>z k tmmkteZo 
[0123] mmmm^'r^itmm2(DmxnMKm 

itm<D-7 y -1M s * t tt#ttj&*Jfc«tt/hS V^*, R» 

^J:5*/h*ftMR^Is*l?tt. K?&S^oS5W^^«l 

[0 12 4] tfcttfl2, tfctt«3<DW-Cfi, ^-<-^C 
u k -7 y -IN i F e ^eORQtC 0 . 5nmOCo^L< 
^ llCoFe^)fAtl)^> 1 - 2%J5^[5j|g|4 3 <OfiIcfc «9 
t>^# < fcSJ&S, M s * t ^S*-r-5«#ttliN iFel 

1^)7 y -il<D#^^^^^-r. i>fHi:LTt7y- 
I^M s*t fttbZ^k r^WMR^Wll/h^/^f 

[0 12 5] *»Wl:J:57y-Bl«L*:«* 

ffl<^££, ^p-t^JR*&3®^*ti--5MRX<b*<0»fRtt 

5o 5 nmT«t tl t>/hS< tfiitzk JtR 

5^ «^MR^WOi^t</i5:^Wo 
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[0126] £atk, ^^(om^mmskm^i^^ 

[0127] Hilt **MO««««tSb**^tOWrB 

a^is^is, ^^s/i ioi^ ^ y -ji i o 2 £ x * 

-<-f-Jl 103t, IS 1 0>9fettttfMI 104h fcfr&HS 
105t, fg 2 (DSSKttflcS 106^ SttlKttn 1 0 

[0128] £ GOUt/SlC J: 9 , -7 ]) -M 1 0 2 & 

/hS4»^i:*5^t, H cux H pin . H in tf>-r^T£r/h 
SttltfcUT, Hp in -H in =H cu 5:Mt6r<[:iiJ; 

s&k, -«iii:M7 y -loiAcaKMRtft* 
[oi2 9] -rftfefe, *58Mo^'trw</u^ini»«^ 



CO 



So JUfcttlwft /M7X^ ^ hiStt^ IT, Hpi n 



> h^^Stl 5o H, 



[0 13 0] £i\ Hpi n »C^UT^, fflIB»2 0>3fiWI 

m<nm^£z>i>(D remote *) , H pin *<K«-e#5o 
[0131] rttft (i-4) ^^xt, tr^Ji^ 
(Ms * t) pin^riS^^iir^C <b^H pin {g:^^fc4?){c 

[0132] La*Lfc#e>, ssi^y-Ji^Mr** 

^ hK»t^fc«>icttHpi n ^»tS:fi«UTt>±< 

Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 

9-tttR»«oi«»«JBc uogfi:^t§7 y -H 

lwJra*>^*««*H cu <oBB«S:*-r^97H-e*>6. c 
ty^t«(14mAi:lfc a mmfabfrfrZ X b 
c u<Dmm&t%%n£itz>\z¥. (1-5) t£<DC<D 

T^< 0 7y--lJ:*)t±HlliTi«li:0««»«H; 
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9, (1-5)*, (l - 5- i) S;(r*5t>T, 

6) s mvt&ffittc&i&T-rzzkfcXox. mwtm.ft 
KDXZfmzk^x, *mwxtt&k ix^6)i»7 

R«fls**«fe«r-C#*£ifc*>5. o4 9. 

ma&sm*:: Victor, ^y-e^^-<-iM^i- 
jo z>m<o e^mnmikXfa&Kwz^ftftmk&^ftikffi 

iZk&XZZ> 0 

[0 13 3] H pin -H in =H cu ^^^tt^t^) 
fcfetefl, H in <B«t>m«-e*>S. ±5JoJ:5 4*il7 

y-Ji^»L^i«*««^ct5i*MR^b*^s, 

[ 0 1 3 4 ] El 2 ft &mW<D* Vl/'^/V^m^te^X 

y -i^fflt^cH s as/hSft h ^ y^77-^-^ 

l^Tt>. Hp in , H cu . H in (D-r-<T^{£^^^TV>5 
fcfc. Hpin-H in =H cu OKW-dSpJIB^/«CoT*3?). 

/^-Mtffi^t^stfe, i»7y-inioi/>tt) 

[0 13 5] ftlC, /M7^^ > h&®;fe-fZ>&m 
-T^^-^x Hpi n . H in RXfH cu <D&s<7j— # \Z 

[oi3 6] *i\ iSH cu ^o^TBiM-r-5o bekkw 
s*t«a ^ ffi 5 in \z m mmm *m # s c t j: o 

X, (1-5) *^*3Jt-5COffl[S:iS:«S*, 

40 [0137] 

9/CoFe2/IrMn7/Ta5 (*tt(i n m) 

[0 13 8] ::t\ «i««#*ffi«£*T^s::fcas 

Hp in -H in =H cu M^MertiaoT, 
7^^yMBS^tToXt>S^t% m3*Lfctt:««3 
^J:5t-. o«wifi< LJ: 5 tt5Rt|-ett 
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[0139] mffim&<Dm&frbirz> t&m&mmmm 

C uf§<D$gmte, ^#^®SHX*^ o 0. 5nm— 4 

mmmmt^x. cuStsh^c^ ist^&jswjisk t> 

^i¥X^^5r <h^-C#5o 0J;tfi* Rul. 5nm/ 
Cu 1 nmtV>5*«ttS5*«*0»^tw*i. M&iftlC JO 
^fcfcttffifitfctR uliSO/iflcm, CulilO/iQc 
mte<DX*. CulSf (1. 5nmX10/iQcm X 
30/zQcm) + lnm=l. 5nmffi^^Cu^f t 

[0 14 0] [^^|Cf5^(D&JRS:ffl^^S-&jC(i, 
m^&frtittl&iTit IT, CulilO^flcm, Rute 
30/iQcm, AutelO^Qciiu AglllO/zQc 
iru I rli20/!Qcm, Rete70/zQcm x Rhli 
20/iQcm x Ptli40/iQcm, Pd|i40/iQc 
m, Allil2/iQcm, Os|130/iQcmit^f 20 

zm\<^xmmftffi\tz*sbz>ctfrx$z> 0 *fc, #m 

[0141] ttt&W^UTlfc^L/cJ; 5 (w x ^(Dttig 

mteztibvm&mi^x&frtcmxMJZxz 

[0 14 2] ^tiH cu n (1-5) &Xt>frZ>£ 0 f£ x SO 

-7 y -m\zML,x±mtTmt<Dmffiftffitti^£'DX&: 
m<DmmnH cu i&mt ? m&fab. x$z> tzrtm^z 

iCfl, Xs<-*V-mm& 1 . 5 n m- 2 . 5nmgW 

[0143] #m&?mmmmte. mm^^H cu i&mt t 

^—WHSl. 5nm-2. 5nmgg^L 
[0 14 4] 7y-Iif|i^^y^t'y(OW§ 
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e^c0^i^gfifr^(i 1 . lnmgI/jJ(Dt\ NiFe 
Oflli?^ LTJ1 1 nm—4. 5 nmM^Sf)^ U 
<. C o F eOi^Clil nm~3 nmgS^ft»t 

oFe2. 5niru C u^^-ff2 nm, 7 V 
CoFe2nm^Cli S5*JmJI C u ^ fc» 

5 nmglll/jJ^i # iCMR^b^ t°— ^ £ £ 

— f/l-immn. -* — i>l/h^tbX 3 n m~ 5 . 5nmg 

[0 14 5] fcUl, HpintCO^TlftPJ-r^o Hpi n ^iS 
^ii-^fc&t::^ Bsj&Sl. 8TOCoFet'iaft 
fre'V-i?^ 2 nmJ£J>T (N i F e^gLT'3. 6 nm£Jl 
T) , $e>iCg^ L<mM^t'yf 1 nmOT (N 

RuO. 9nm/M8ttR2i:t>5»^f)4t), 

&m&m 2 com s * t o^asis&wfc ^ 

4t6<b#if)^5 M?7 - 1 6 9 0 2 6f^ 

«) o 

[0 14 6] Mtlt IrMn/CoFe2/RuO. 
9/CoFe2. 5 (if ^WMnm) t^5«*"e 
*l^^^J^t: 0 ^mfi2. 5nm-2nm=0. 5nm 

(«*BtJ¥#*0. 9nmT) ^l/^ r. ^(C^6o 
ttf^JiffdSiSa-e*^^. (1-4) ^f>^^§J: 

[0 14 7] H in \^\,^XffiW-tZ>o '<4T*t$ 

STOAfrfiftHin^fiifCtt^ 0-20Oe, S 
{cS^L<fi, 5-150eg«l:»tS:t^a*L 
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[0 14 8] MR^fc*^iB«H4JwO^TBlM-r 
So Bi^y-B*fl!^fc»'&fcrtU MRlW^)/n 

MR«fc*Wlfctt*tt»i-5fcfcfc:;fc£ < frttT 2o(D 
t asw fed^cftofc. natter y 4 . 

#fltB2&S 0 n m<D k # ICf*. a s - d e p o <D 

MRm{k^ky r tmxf&Mm& (2 7 o'Cx i ob*rb) 

0 — 3 0%(OS/>l:)JliA6: fcd«-e#5 0 

[0149] s e>^c*tftrjt-ei4**rMRasYb*^>jfc* 

eMn/^^ffl^t^6^*\ ±IB^SR^b*3 0% 
tfMfr&'CfcSo ^w^>^5. Ka«ttBt»»i: I r M 
n^ffl^-Cl>6^l:it 0—1 5%0^b^ M Cffitt 

#lCtta s -d e p o(DMR^*fiaS^^tB«dS. *3 
l3t?te I r Mn <D a s - d e p o (DM R ^fl^Ofiiu O 

* 9 *S*fl:*0 r k ti-X* -So rixtt, K 

?k IrMn* PtMn, PdPtMn, RuRhMn 

[0150]H4lt $k±.<D^k#)k IT, TS"* h y 

1 0%~+ 1 0%. o£ 9* y^r^^y h 3 0 
%~5 0%^^^-r5/c^^i/^ir-r ^AF^t'y 

vih *flr*«»fc*i»t«HflfeUlA«)l6#«[V2 irfc 
£•9. (V1-V2) / (VHV2) <t£jS1-<5 0 ft 

ot. f/v'^ h y d«- i o%-+ i o%j 
r (vi-v2) / (vi+v2) (omnfi. -*4-r* 

0. l£Jl±:/9;*0. 1JSATJ T^^rt(l^]St6 0 
[0151] H pin -H in =H cu tUmi" 6 fc«> 

Hpi„*S/h* < &ofc k # tcte, H cu t>Ttf ftJttttf* 
it (1-4) % (1-5) frhtotr** 
J:5l-x i/^-t-r>f y 9 AF<DJtT<£> \f^mW ( (Ms 

* t) pin £/J>£< Lfcifcfcfi, ^tt^^m^^^i? 
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£/p< L*tt*tf**e>1\ (Ms*t) pin^^:t«>^ 
[0 15 2] AflcW^tt, 

SJ¥V^fcT^«(DlBi¥S: t m ( p i n 1 ) . »l> 

sgj?* t m (p i n 2) , #m&mmmmv>mm* t 

(HCL) (Jfcjgfitl 0/i Q cm^CulCilU:) 
£ Lfc £ # 1^ 0. 5nm^tm(pinl) — tm 

(p i n 2) + t (HCL) < 4 nnu fl>o t (HC 
JO L) ^0. 5nm*9IJ£-r-5i:C^>dS^5SMOttB-C*> 
£> 0 ^.C"C> 0. 5 n m ^ t m (pinl) — tm (p 

i n 2) + t (HCL) te/<>f T*#>f ^ b&3 0 %jfi 
ot!)T^^ hy^Hl0%i:4 5PM-C$>t)s t 
m (pinl) - tm (pin2) + t (HCL) ^4 
n mfi/<-f T*#-f 5 0 %ififlK o£ !)7^^ h 

y £5- 1 0%|C^6PS^T^^>o 

[0153] w "C\ tm (pinl) — tm (pin 
2) Ms*lT©NiFe fcft* Lfc i # 

0, «;ttf* PtMn/CoFe2/RuO. 9 
iY? /CoFe2. 5 k\i^bm$L<n ; >'l/^*r 4 y# AFfflfig 
COt^^fl, (2. 5-2) XI. 8 T= 0 . 9nm£ 

Mp i nmm<om&\Cl^ i nJfcD (Ms * t) 

[oi54]st t (hcl) te#m&mmmm&c 

[0155] tfc, t (HCL) ^ 0 . 5 nmli, 4. 
^ 5nmJ:n»^y-I(:^t5, ^MR CO tz^) 

s^tTt6S^5*)6^t, t (HCL) ^ 3 nm#J 

£<t-tZ><DX\ tm (pinl) - tm (pin2) ^ 
3 nmffcS w k&miz Lt\ 

[0156] B4lC*3l^Ttt, L it Kfll -4 

mm&-v(i~xmizkz>zk kistzo a 
[0157] raa^p>*?^-6 j: itii«tt^xa» 

5^ *©H^P>^tts ^M7^^>fy h*5Si\ o^DTV 
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[0 15 8] K±tt!BLfc*J8W^J:5, v'Viry^ sx 
^t/ut5, U H pin -H in =H cu ^|ISt5^^ 

(H«&0!ll) h^SFSV (NiFe/Co(Fe)^ y —J§) 
Ta5/Cux/NiFe2/CoFeO. 5/Cu2/CoFe (2+y) /RuO. 9/CoFe2/Ir 
Mn7/Ta5 (7-1) * i\ K&KttBt*: 7 y J: 

H±Hflll-ffl:tt5s i^feij>5 h y^^r :7' , <7)xfc: o >' 
'</^:/lK<al?;!&«^;Io^,>T^ 

[0 15 9] H5tt, *SMfc«^«««tt«l** : 7"^* 

:7rJfi 2*>±te, *JBHK:J:«tt#<BiK**Jli o 
i . *:<d±\z7 y -a 102, x^-vm 103, dS« 
BStt, &fl$1£ t'yf 1 0 4 t 10 6^, 105^^L 

TRs*«tt»K** u i o 6 <d \?>mfrK%m&m 1 

O7lC<tot-*I0lHi*SiltV^, KMHBttSlO 
7(D±|^(^ X ^-V^^g 1 1 ZtmrtbtlX^Zo (7 

- i ) (ommfete* ~? y — ji 102*110, 111^ 
#B£t£iSaj@J§ 1 0 i**ic 

[0160] (7-1) <Dm&, CuTffiCi^MRO 
•fcx^ AFia^Hpini^M^ffl^T, MR £ 

^:£r^ 5 l-^i- 0 

[oi6il*5 r^2K>f ^ MUHS* 

(a ) y = 0 . 5 H in = 2 0 O e 
MR height x = 2 

0 . 3 ii m 3 7 % 
0 . 5 it m 3 1 % 
0 . 7 /i m 2 5 % 

(b) y = 0. 8 H in =20 Oe 
MR height x = 2 

0. 3 nm 4 6% 
0. 5 n m 4 0% 
0 . 7 m m 3 3 % 

(c) y = 0. 5 H in = 10 O e 
MR height x = 2 

0 . 3 /z m 4 2 % 
0 . 5 p. m 3 9 % 
0 . 7 At m 3 6 % 

•B^5>45»iOCuT«^t#l:|iHi n *2 0 O e 
£ ttwfiv^ir-r >f 
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hfi£(D4 0%J: 9 t^-^-f ^Xffl!|{r-rtt-5w S 

5(a) e>foa>*. 

*>6*. y = 0. SnmtHpinSr^Ti^S^fc*^ 
S5 (b) (Oje*T-fc-5o CftlnJio-C, ^5 
(a) <D£5\Z'<4TXtf4 b&T>?-&iSk\C-rtl 

k'*SpItBfctt* 0 *5 (c) <7)J:?>|^ H in 

fc*st?#6. fc5 (a) x (b) £ (c) Srtb^T^tt 

±T e^iS^fS/h £ IMS 9 Hpi n ^/h £ < ft 9 '»f 
HS#tt3ftS/>S<48*, (a) t (b) COO. 3nm 

ce>^os-ettiai:A/^»ds*t^-e, y = 0~l n 

m(Ms*t = 0^1.8nmT in NiFe) ^ 
#£L<. $ h\^m^ U< fiy = 0-0. 5nm ( 0 <- 
0. 9nmT in NiFe) <£>f£B^, '<>f T 
-f^h^t){C WE SD»**OW4fa±fc£fc#* 
^ (Cl/>ttX y Ott<0WSE)& s »Jte-efc£fc«>ffl£ Ll\ 

[0162] TJfec umn^j Txtf-t >- bm&t 

uffSrff <-TtttfH c u#/h£< *«*S, A R s #{£« 
It II 5 £u CuJ?0. 5 n m— 5 n m, «fCM^ 
L<li0. 5~3nm^Ll\ MR<T>*\fl/*7 j ;V 

^ t£:7 y — ^CO^^CCQ^l^ 4 n m — 5 nm(Dt ^CMR^ 

[0163] (7-1) (OJ:5 47j) -Ji«j«o»-&{c 
f*> T»Cuftf0-l. 5 nmttliC uif^PlCj; 
6^t:'y7^^^-Mlwi^MRli^t, CuJUaiP 
tcJ;£R s {g^oo^j^^^i 9 ^^^^ir/uu. ARs 
f^li^r Ay^^{b^^V> 0 1. 5 n m~ 2 n m-e^ x AR 
s^0. 1Q, 1. 5 nm— 3 nmXn. ARs^ 
0. 25Q«*Ltl45, AR s (Di&Tfi^r^HW 

tiSTUTi^fc^, ARsOfiTCi^ffiMT*, 

ui?^igAp-r5C tiUot AR s 755 1 0%{&TL/c£ 

b5mA{C~rz > ~b\z£'?X2 5%mM'tZ><DXs AR 
50 si£T<0#£+#&«5 - fc#-C#6. 
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[0 16 4] 7!i- J§J?;&SJP^N iFe4/CoFe 
0. 5 (nm) <Dm&^n, TttCuSttO. 5 — 2 n 
mIIWiL<, 7y-f^NiFel/CoF 
eO. 5nm^i-&C|j;, TifiCu/Pfi. l-4nmi 

4^iCoFe(Ol?ifttO. 3 — 1. 
5nmO«l"CK*.-Ct«b4t\ * fc, C o F e 

l\ CoFe^b!)llCo^l^i^;iiCo»* 

[0165] Wxll NiFe^U nmO^#HliC o 
liO-lnm, NiFe^2nm«)fcSi:it 0 — 0. 
5nm, N i F e & 1 n m<D t # lUfi, 0 — 0. 3 n m 
**»*LV\ TiCu fctf>#ffitt1ft«r*fc-t-5» 

-SiHttTifiC u HMCtCu £#BSftW**<0C o 
o F e 5r»A;T*t«b/j:i> 0 0H;ttf, CoO. 3/ 
NiFe2/CoO. 5, CoFeO. 5/NiFe2 
/CoFeO. 5t£¥<D7))—m&3%7LbtlZ>o 

5^^19 1-, NiFeCo^47y-14:i^tti: 

[0 16 7] *fc, **We»*lcur^5J:5*«» 

(DSl^^lT, NiFe(DlI^i</jJ6(J^\ Ni 

F e tf>«ffias:El;i;*:£ < 46: hitmi btiZ> 0 tti* 

ii«N i F e 8 nm/C o F e 1 n m 
7y-lWN i F eOE*iN i soF e 2 0 ( a 
t%) -Cfi^j&S, W^4. 5nmT^T^7y-l 
<0#£>l;ifi, N i 80 F e 2 o<t HNi y S/fCtS: t 

<*: # "CrN i siF e 19 (a t %) J:HNi y ;y^t^ N 
i F e JRffd* 3 n m;(Mg<D t # J^flN i 81 . 5 F e 

18.5 (at%) J:HNiy 5/fl:f6:i^L 

N i mm<n±mt N i 90F e io (a t %) 

[0 16 8] ±U<D£ 9l-> TiCulltlMHcu* 

teaser. ffiSP7y-Btc*3v>xtasf4^-rr^7K 
[0169] /wr^^y h^v^^^S ± 

IE (7-1) ^y^xlii4lI^P)il6^t'|j: 
ft<. *SS(7)ffi[(C^icLT^:^^^6 0 Wx.ll y^/h 
£< ft 6 ^ H pin ^/j>$ < ft£fc#) x ^fr&^^-tr/u 

[0 17 0] Jlftiftfm. — o^«t LT#:<7}J; 5 ft)S£ 

VtVrti.X. e , yl^2nmT<Oi:#^|iCuSfiO. 
5—1. 5nm N f^S* 5 1 . 5 nmT^ttCliCu 
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8lil-2nm, fypi nmT(Di#IC|j:Cuili 
1. 5-2. 5nm, kVl^O. 5nmT^i#(C|i 
CuJffi2-3nnK eyidSOnmT(Di#|:rt:Cu 
JIfi2. 5 — 3. 5 nmt 1^5 £ <b^ft5o 
[0171] C CCt^/I^C o, H< HC o F e <D 
fctlClifcT^JiOjRJPJi t = (Ms* t) pin/1. 8 
T [nm] , tVf^Ni Fe^^|:iit>l)gJ| 
lit= (M s * t ) pi n / IT [nm] £ t\Z 

ft£o 

70 [0172] — f-C uliCu(Oil:, Au, A g N 
ifcfirttfe^SSRtfttf'&dkftifSrfflt^TtWfoft 

TL^P<DT% 1. 5nm— 2. 5 n nu SfeinSSU 
< ttu 1. 8 — 2. 3nmSS^ilLt\ 
^ [0 17 3] * t°>-^^/u^-^J*^m*^#{g:^^fe 
«>^#ftawSr*fcu-Ct^T*iSi*«Ji^ 

fit. f cc^^-Ki^^5a«t*>6fc«), T»tt» 
HTH, f cctL<fihcpiIffl^<t^o M 
tfjlCte, Au, Ag, Al, Zr, Ru, Rh, Re, 
I r, Pt/£^^/^M^l, t>L<fi«Jig£ 

ffi«a*^*t<ofc«)ftb»«ftc uTtt-o+#»*a*» 

[0 17 4] Ta5/Rul/Cul.5/NiFe2/CoFeO. 5/Cu2/CoFe2. 
5/RuO. 9/CoFe2/IrMn7/Ta5 (7-2) R u 1 n m£T 

f" 2 n mXZ7 V -l^M s * t i F e 2 . 
9 nmTiaf7y-Il:tRi3?)fl OOeSS^i 

5^T-ffl*Lt\ £fc. t^ft)l:^tf^^AF 
<o±Tfc":/JI^JgJ¥^£ottft < ttSff^M 

u^IfttlnmHf^, 0. 5nm— 5 n m. £ <b 
fc3*L<l*, lnm-3nmgS^SILl\ R u 

»W»tfca* u^ffllfftt-tttja^«*>?>ft^ 0 

[0175] ( 7 - 2 ) <DmX-n. H cu ^ff ^> ^ # 
£L^[Cft6 0 Ru0^i^(Cfi x 30/zQcm 

5^ tCu<Dtbtb«tt<oft3«ftfc«?), H cu ^^5«-S-en 
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(19) 



(7-2) cDj^ttC ufMt 1 . 8 nm<Dmtm^t 
1^9 r b C^6c fcfc*LMR£t^5«£Tf*Ru-ei*i8 
fia^i^<. m^-^¥^lS*ffS^M^fc:^, Ru£Ni 

[0176] It ^ ZX'n^yyrmT a b R u 70 

[0 17 7] /<y77l4ffl^5»*l:ii> Ta<D{& 
fC v Ti, Zr, W, Cu, Hf, Mo t)t<liCtlb 

Stffl^tt, 1 nm- 7 nnu Se>Cff*L< 

[0178] ZZX'teAFmt Ltl rMn (I r : 5 20 
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~4 0at%) Srfflt>fc^5, I r M n GOll^JP <t LTfi N 
3 nm — 1 3 nmgS^I Lt\ I rMn^l^^ 

J: 5 *ffi»7 y -JBSrJB^S b # l-S^^^tt^mft 

10 17 9] £fc. R»«tt«i: ITIlCrMn, Ni 
Mn N N i 0^ffl^Tt)IV^\ i§M R ^ft*^S,<7) 
fcl-fi. ft^JH5c*Sr^atf AF^ Lv\, 
r <Dft:b9 IdP d, Rh/^'^KWl^c FeMn 
i Mn te¥\Ztt^XMRmfcm&fa±'rZ>tz#>. ^ 

[0180] 



Ta5/Cux/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 ( 7 - 3 ) 
Ta5/Rux/Cuy/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 ( 7 - 4 ) 
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PtMn (Pt : 4 0-6 5 a t %) £1£ 0 * }) y V b 

ixii, n&mm&fri rMniH^ h\zM^tzbb-y 

J*t. PtMn^I^bWttMRiMSJ; 
\t\ P tMn(Dftb^CPdMn, PdPtMn^l^ 
Tt>mi/> (»&JHSfi : 4 0-6 5 a t %) 0 

[0181] MR»»tt^^5i»P)^5 TifeC 
uJSttl nm«±fc*r £j&Sffl*Ll\, ^tLJ^T^^i? 
fc*£MR^»jfcttj&s«< ttS^^-CfcSo fcfcTU Ni 
Fe<DW**S4 nm«±fc5fc*lwfi % TftCuftt 
0. 5 n m£Jl±*)Hff MR©»|»ttS:ltft t?* 5, 

[0182] PtMn te^^afftfrlfcSJn^ffi^ I r M n 

^<KH/\ Z(DXt>\^, (7-3) , (7-4) £^ 
[0 18 3] ft td U . P t M n (7)^^ y y h LT-^ 

(*Jfi«2) h^SFSV (^y//UC o F e 7 V — JB) 
Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/IrMn7/Ta5 ( 8 - 1 ) 

Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 ( 8 - 2 ) 
^llffiWcfc^Tte, 7 y -Jit IT, (Hl£«l) o 7y-HMffl^t o$9Hll:*iK, 7 y -g 

J:?4NiFe/Co«NiFe/CoFe(Dj:54a 10 2 C o F e * 9 . KSmJI 1 0 1 

17 y -@-Cfi/«C< , CoFe*f^e)4$'>y^4 50 $1KC u ^P)/j:^»3|T'fe6o 
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JgU?<b LTtt. 5nm-30nm^iHl\ £ ^(-M 
*U<fi, 7nm-12nmiS^illt\ PtMn 
^#-&^t>, (7-4) <DXo^. 7y-l(^)T^Z 

[0184] (7-1) - (7-4) <DmteW<o'<v 
*»Bi-*££a*#;tfc*tSo Cu, Ru. p 

t. Au. Ag, Re. Rh. PdftWIKtK 
BgJf: UTtiO . 5 n m — 3 n mgl^^l Lt\ 

[0185] mi 5{zm^xmmvtcx 5 *n«s« 

[0 18 6] Ifcfcs HI 6{C||LTHfr^LfcJ:^tC, ^: 
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[0187] (5nmT in NiFe) ^MfS 

Bt ^9 P< y 3/ hd5*>5c C o F el;iS3<0«&*n5L*£ 
LT, B x Cu, AK Rh x Pd, Ag, Ir. A 
u, Pt, Ru, Re, OsOi^^tO^ttlXt 

oTtttt«tt#HS-C#fcV\> CoFeHCo 85 Fe i5 
a t%-Co 96 Fe 4 a t ^l^a!-<6J: 

[0188] CoFe^ y — J§ tfifti&tt t \t> 0 WL 

fcfrbfcc ( 1 1 1 ) SBlRjUTl^r. fctffi* UV\ 

«CdS/hS<ft*J:5fcf c c (111) BE|nj LT Z-bifi 
#* C o F e bo J; 5 ^JRttiWiS^r^/w^ 

[0189] ->y^C oFe7U — BttM s j&* N i F 

S:lllt5l:|j:NiFe/CoFet^ NiFe 3. 
6/CoFeO. 5 (nm) X h — * /MSJSi&Sifcj 4 n m 
'>y^CoFe7!J-it|j:CoF 
e2. Snmtifc^ N i F e/Co F e i 1 . 

-ess*** M°>m*&m%<Dmt 

^Xmit^frtb? J /U#T ?? V S*L6j&^ NiFe/Co 
F e 60 h — $ >\>y$MA nmgfill^S <b T fc°>-<Z> 
¥*&e*fTStiftt>ffl[tw*oT< Sfc«>, ^(DT^iS^ 

[0 19 0] — ^ x v^yO^C o F e LTte, 2. 

C u ^fflV^c^^^fi. CuitNiFe/CoFe, 
t>L<teCo F el^f)/^7y-IO h — ?;umm& 
4nm§I, R<li3nm-5nm0^l:MRt- 

i F e/C o F e X& * t° V 7 ^ /U^ — £ ^ 5 £ £ 
t'VirV h»*<DfcfcMR<D«d>*fcfc CoF 
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OOSSfCj: 9*jifiC o F e 7 ]) —m<O\Z0tf*\?l/7 -f 
/P* — * f ^^T/T-flM^ 

[0191] SUN i F e/C o F e ^li5^MRi« 
tt*SSt^-C. »«CoFe7!/-l^li5iSMRW 

[0192] m^mhm»m<ommmxi>^N i f e 

/CoFeiHCoFe 5 ft* M4* 

/<? mm? » -mxnRffim&&m^x3bz><Dx\ # 

Di^ — olt^L^N i F e/C o F e tfm 5 as^fU"C*> 
So 

[0 19 3] (8-1) <Dmf$.X<Os<«(TX7$'( > h 

^l«i<o»^^IJfflSi:3 0-5 0%(Dg»4 

[0 19 4] 7y-l^Ms*ttt#ttl:B8ttl^ M 

s*t dS/hSiMiif h7^7r-^-^fiftlKff 

h5mi:/j:ot< z><dx. mmmmnmm* 
mJjuZitz&m&xxK £ e £6* ey/vi/y 

xt'y7^/^~-Mia!)MR ^-^asajm-ressw 

[0 19 5] *flcWf^tt, 7!)-lMs*t-4. 5 n 
^ mT x CoFelf 2. 5 nm(D^|I(iilSil(Dg 
^IfliCuMtO. 5nm—4nm. Sfei^S* 
L < 1 n m— 3 n Ms*t~3. 6nmT, Co 
Feil2nm^^lI|iCugiST\ lnm—4. 
5nm x S?)l:a4L<ttl. 5~3. 5 n m, Ms* 
t — 2. 7nmT, CoFeWl. 5 n mCD ^ ^ 
CuISgt% 1. 5nm-5nm, $^lrM^L<(i 
2 n m~ 4 . 5 n Ms*t~l. SnmT, CoF 
efflliSl nm<Dt$\znCu$g&'&X^ 2 n m~ 5 . 5 
nm, £ L< fi, 2. 5nm-5nmgl^t 

^ So 

[0 19 6] (8-1) -CttKfftSJtttBlfc UI rMn 
<lrffl^Tl>SO^^L, (8-2) TliPtMn^ffl^ 
tv>6, PtMn^ffl^5:^l:J:t), ^I:mrW 

hflho ZtUL NiFe/Co (Fe) 7})-m<nk 
Ztm&kXbZo f:^:t, P t Mn£rfflWc££cDt55 

^^-f hS:fi#*^ r^^K»i-6fe«)twtt, I r M 
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o t titan**** v mmmmnmrnzmmtsit z> 

^bfr%7LhfrZo *tc. H P i„*ri«iDS*4^f±, > 
V'ir-r yMF <D_k~f(D \?>M%&W-7zk%: I rMn<Ot 
tit) t*#fel:t6r fcd3%^e>tv5o L**U 

Ta5/Rux/Cuy/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/IrMn7/Ta5 ( 8 - 3 ) 
Ta5/Rux/Cuy/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 ( 8 - 4 ) 
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fiM£ L < & < , IrMnW^i: lt-<X C o F 
V\, (8-1) , (8-2) <^/^x-v/ 3 yHT, 



<, Ru/cui^5snnt»«u, sun^i-* 

[0197] 1. CoFe ASSffilfll 
2. H in (a«3»* 

±121. ^coFeKiamcHim «^i¥ifc-t-6 

J: CoFe ^IMJSiiaot^^W I J: 5 
^t5t^T*)5 0 o£9, MCuctHCoFe© 
f c c - d (111) ®HIH*J£JfT, C o 90 F e 
10 (a tm i c%) 7y-i*ffll,^^#|:tt:ft«|^ 
# < ^ ^ ^t^C o F e 7 y -i(DEI^r, ^Pifi^i- 

UliCuJ: IP tJDK-T-*a*s*:#t^t>o*s 

1^ tl/\ W&tf* RucOftfelC, Re, Au, Ag, A 
1 x P t , Rh, I r fo^l/MiP dfcifj&SSS: Ll\, « 
3l*J»^V^5»*-CttT»-JB^Ote^C o F effl/&* 
9 0- 1 0^e>^^.5r £l£J:oXfc*Tf6Xifc6o JIr# 
fftl-te, CogoFe io— C o 96 F e 4 <£>#lj5)ci&B<D C o F 
e&&7 » —m&Ffi^htlZo ~ *\ ±122. COHiniS 

«3»*fcB8LXli. mf$L&<Db%<D¥'m&&ft±iSltZ> 
a** s R ulcf*fc6a>e> KfcUfc^X^fc J: 5 
H in «c-C*5*r»+/h*if^i: C^>X-H cu ^Hpi n ^J: 

5o SFSVC*(iMR(DXt 0 y7^;U^~-M, 



Ru/CuSllCt6r^lCj;oX, Rul. 5 n m 
/C u 1 n m— 2 n mTffi, 7 V — JIM s * t 3 . 6 n 
mT\ CoFefl|i?2nmi:l>5fii7y-l, 
tCu2nm^^n^t% H in Ht7-l 30e 
l>5fiHi n ^t6r ^S-et5o (7-1), (7 
- 2) ©Jtlfi«fc*31^TttHi n j5S 2 0 OeSItfcofc 

20 [0 19 8] H cu ttfi^5«jS3&^^t#l:tt, R 

$)6 0 ^ o /:R u (DlttSftli 3 0 /i Q c 

OX% a tOv't^hMHtimffifilO/zQcm 
(OCu«lflcttl/30Rj|t^5ii:lrft-5 0 «t 
f£. Rul. 5nm/Culnm^^9«*tli^t^ 

hOCuBf»*I-C (1. 5nm/3) +lnm = 

1. 5nmi:^t^5Cii:/i$ 0 

[0199] £fc (8-1) ~ (8-4) <0||Jfi«eO^ 

•lx-> 3 yat, S»«tt«^±tcSe>t-*^JB7£ 

u. Pt, Au, Ag, Re, Rh, P dtek*<DMmm 

^^-lM«»Oi:#-et(BHinS:liaT?#S. fcfcUfc 
*DIfj&sf<4S^, «fflt»attt:*S7y-JBo±«ffi| 

f/ummt ItliO. 5 nm~ 3 nmSfij& s #S H/\ 



^i¥fiX# Sfc?tt»tMi5 U< . C u-2 nmS 

(H*0»3) ^hASFSV (NiFe/Co(Fe)7^-®) 

Ta5/Ru2/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cu2/Ta5 ( 9 - 1 ) 
Ta5/Rul/NiFeCr2/IrMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cu2/Ta5 ( 9 
-2) 

R»«ttj«*5 7 y -id: 5 tTSfiii^ia-rs, t^fc>*$> 
h A^^^o^^^o^x^-ro H6fi, #n#s 

w^Tii 3 i±i^ RmmiSimts&m 
wmi 2 8. frfam&mi 2 7^^«§tt > ^>m\2 

6, 12 4^il2 5HltraW(:g$lT^ 
60 112 4 ±(^^-< — i^H 12 3. y])—m\ 2 2, 
^teB&2S©JIl 2 l^Wac****^ 
113 2*5tt»te>ttX^5o 



ill 2 8^»lRu^f)ft^ 12 7WMI4W 
P t M n , 7 y —1 12 2 #5 1 2 9, 130 (DZ.m<Dffi 

mmfrbi&f$i£tiizm&-e*>Zo (9-2) <ommm 

fi, S&^«fel8l*SiflSiJflPg 128^1330IKTR 

u, 1 3 4<omt UXN i F e C r 

tl. 127 ^K3S«ttl«*S I r M n , 7 y 1 2 

9, 1 3 0O2fg^P)M$^ci^SMt^ 

[0201] # YJx$4-?<n* fw</u^JK^*3^x 



[0 2 0 0] (9-1) <OJM6«|i, £BB1£0USAffi 50 tt, T a 5/ 7 r l^±l^ ICSMttKf^iJ 
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WMt It, f c cJcfctth c v(DT\&m* 1 nm—5 
nmgl^^o WZ-ti, Cu, Au, Ru, Pt, R 
h x Ag, Ni s NiFe ^^ttlb WJ!K# 
4f*Sffll^6*b*. £*b&0V>— K (seed) JittR3*«tt 
R& U-CO«|BSra5J«>-5fc«)JcfiS*lRt?«>6 0 (9- 
1) COP tMnWl«Mi:*3^tttil^RuI4, 
(9-2) I r Mn<DM1&MlZ&\,^X&s Ru/Ni 
FeCr^a|gS:ffll/^ 9 COS3fi«t£^ieS*J«9S 

b, jBJitFBtTafttrffiU, ***WS4: l. 
5 n m — 2 . 5 nmgS^Si^^-f Srll^ci^T 

[0202] *^0^icj:6/H7^^ yh^yy 
u r <d m m * b «> e> ft e w » <o is a -c x# 6 « « t k s fit 

F e <73ft;b9 t-. NiFe ICC r % N b , H f x W, T 
So (9-2) T'liNi Fe^b^CNi FeCr^: 

[0203] R&mmmt iti^ o- d -mp t 

Mn, (9-2) tllIrMn^^Kl^ c PtMn 

*mi^z>* y y h t urn. s/^^^ias^iBa-e 

ifc^tfHu.a. ^S^Ci, ioi^ot^ 

tmrn^mm? y -i^ffl^/ci^i^^MR^/nt 

V\ P t Mn <Dft£> ^CPdPtMn £JB^T t>&l\ 
»*U^R)W51tLm 5 n m~~ 3 0 n m N $ K 
&£L<te, 7 nm~ 1 2 nm/^&L\ 
[0204] (9-2) ©I rMn^ffll^^ V y V b 
LTte, P tMn J: 9 tfI««*e»ttdSl?5fc«), iB 

&&mifZ>ZbfcX$Z> 0 I rMn«J|^UIj:3n 
m— 1 3 n mfcMl£ Ll/\ I r Mn t^^J^TC^ I r £r 

T0>5o I r M n b ^ l^iUMl^i^^ti'R 
u R hMn^V>tt)«);l\ 

[0 2 0 5] ±.m<DX b \Z. % R3*«ttK£ Itli, P t 
Mn. I rMn, P d P t Mn^Stffl 

<, NiO, CrMnPt, NiMn, a-Fe 2 0 3 ^ 
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[0206] isis^T* *>'m<o—m<o»&®.ttft 

tUfi, £ r T*teC o F e^&Jf&flH^C/!^ Co, 
NiFe, tfcliNiFe^ C o t) t< liC o F e O 

7^ <a±TSi«ttJitf>M s * t ai4 7 y -jikhk i^xnn h 
tizmmnm<ommt®m\zmm^xmjLbtiz>h<ox 

[0 2 0 7] iMcoi>Tti h y-7?<4 7<D b # t 

ffcttlCte, 1. 5nm-2. 5nmg^glK, $ 
L< fi, 1. 8nm—2. 3nmW^LI/\ 
[0 2 0 8] 7y-BtLT^ C ^-C(OHJfi«t?ttN 
iFe/CoOaSI^V>tl^ fl CO^y-jl^K 

ff. Wm<D%Z-JJi> hy7'*'(7<Db% km$m&x*> 

i F eOU&tf Yy?*<<7<DbZbtt3g=f-3kt*Z. & 
ftWtwflN iFe/CoF eil7y-10»^l:tt > 
NiFe (D{g;KJ?{b(-^5 N i F e/C o F e^M^ V 
—m<W&&<niEW^<Dis7 h y~f$ 4 ~7<D b £ £ V 
fc/h^t^O-e, h y~f#4 -7<Ob # J: HNiFe GQ*a 
^K^r LXN i /7^t<7)-etftaiI^IISt-# So 
[0 2 0 9] N i F e 3 nm/C o F e 0. 5 

nmSl7 y "I^l^l:^ h y^^^y^XnN i F e 
^ OE^HX, Ni 81 Fe 19 (a t %) X-fl^fcjEftij^ 

i 8 iFei9 (a t %) Tvh £ /^iE^a^tt *o T^ffl 

±mmte^mbtez> 9 

[0210] *»w^*#ft#>r ^ h<D2 < isa-c*>-5iK 
#mii^UT(i. ::x(iCuW^^xi/^ c n 

[0211] £b\zm<D%}%;b it, cuiMias 

[0212] SilftC u^J?Oj£Hfi hy^SFSVtO 

hby7**7<Db% bmmxhZo tfcCu^ts// 
I^/^r^#>fyhiBS, «!MR^b**6»£Ji^^gij 

5^ :/*V^»-fr|CttH in *S3 0 O e «±4>o^t>C0^C u 



(23) 
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iAs^it5:H^@^fc^ {&H in 

[0 2 14] Mrftfttemmfct LTfi, £XT<D£otei> 
[0 2 15] 



[0 2 13] ::t% (9-1), (9-2) <Ds<D*. 

f&\^tih£l<\ Cu/Ru, Cu/Re, Cu 

<bLTfl. h ~?<F> b # iCfEjifi Lfc J: 5 lc C o F 

Ta5/Ru/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cul. 5/Rul. 5/Ta5 ( 
9-3) 

Ta5/Ru/NiFeCr/IrMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cul. 5/Rul. 5/Ta 
5 (9-4) 

±IE^«^^io^r. Cui^tfcffifcll O^Qcmil 
»LT, Rufi3 0 ii Qcmi^tV m^W^'>-r^h 
#J;^:£LTfi. CulnmCML, Ru3nm^l^<7} 
^^rt>^^i-^^^^6o o^«9. _bfS (9-3) , 

(9-4) (o^{c^v>-cn. mmnm<Dmm&c u&i? 

0. 5 nm-3 nm* Wffiitffll/^tl6^T% Ru 
tl^HHt-O. 5nm-6nm(D8ilT^^f)tl6o /c/c 20 
Ux RutimSS:t)il<^t: e y7^;U^-MlJCu 

T% CoFel:SlHXCu/^l:ffll\ CuflgJPte 
0. 5nm-2nmi»^lt', 2 if <£>fa<D&J^# 

(^#§#14) /KhASFSV (CoFe^y— Jf) 
Ta5/Ru2/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cu2/T 
a5 (10-1) Ta5/Rul/NiFeCr2/IrMn7/CoFe2 30 

/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cu2/Ta5 (1 0 - 2 ) 

7y-il 2 2<Oft^9 ^mSJK^C o F e il^^^^ 

^z-jjte±<nmws tmmxfrZo coFe^v-m 



Z> 0 ZblC^ ^<DmMfflXnMs*tfcNiFei& J gX 
3. 6nmT^)i:#0\ Ms*t-4. SnmTtit 
CoFe»l7y-l/j:?)tfiI2. 5 n m 

* j /u?-®&m%btiz>co{ztt\^x, n 

iFe/Co (Fe) fc'iN i F e 4/C o 0. 5 (n 
m) fcttWJM**<*!K **mJiSrl9:»t6ii:J3:J:6 

mtteZZb. fcJ:t;NiFeg»(Dv/tyh3»St)fc 
A R s XC o F e ^M? y -Jg^JfctfiEL 
0 — 3 0%«/>t5 o 
[0 2 16] ^±cor^:^^. M s* t (Dit^tSH-CM 
s* t t 0 >r7^/^^— Sl^^^^ix^ w b 

Co f e 7 ])—m<nMnmxfo%*n&m<n\*ofr. % 

[0217] ::t\ (lo-i), (10-2) GO/* 

yx-> 3 yat, 7y-iCoFei:StfcK»t 

Xmf&lstch Jkt> 0 W^Lf^, Cu/Ru, Cu/Re, 
Cu/Rh/^^ilff)iX^ 0 ^®lC-r^^jm<b LT 
tt, J: 5 icc o F e 7 y -a©8Itti^l:i o 



Ta5/NiFe/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cul. 5/Rul. 5/Ta5 (10- 
3) 

Ta5/NiFe/IrMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cul. 5/Rul. 5/Ta5 (10- 
4) 



±&<o£?tzmmmt¥m&mm&m\z£<>xco f e<D 
«7 y -*^T«i-e^«-»tt § * jcii^c b nmm t 

et>mmZtiZ>Zb\zt£9 „ ^(Ot#(:|iCo 90 F e io 
(a t%) iffl^st, AflO*>*#fc«ai;:fcB 
V\, -ttbSr^fflfljCv'^ hS*5fe«)JC. Co^yfOC 



oFeSrffll^rt^L^o Afrtfjlcfl. C090F 
e io— Co 96 Fe 4 (a t %) ^)CoFe7!) — g £ 
fflU^C t ASS* UV^o L^LCo y 5/f Iwtt h c p 
««|Ettl*^, 7y-l^tt«ttm (He 
/^if*) tSO-C, Co 98 Fe 2 OJ;3/j:CoP5/ft 

[0218] ±f50^P^|li3V>T. C u Mm<D\£tetii 
10/iQcml:^lT, Ruli30/iQcm/jJWT% ft 
50 SW^v'tyhM^LTIi, Culnml^U Ru 



(24) 
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ie (io-3), (io-4) <ojgi{;i£>^Tte, mmm 

CullOi^lCO. 5 n m~ 3 nmlTO|5ifffl^ 
e>ax£<£>T\ Rut^ilCO. 5nm-6nm^jQlt' 

/U^-a^^C u(7)^ct «9 tai^fcat). CoFellg 
-r^^^m^^UTfi, CuOI55»$l<^ 

»*L<ftl^l?, CoFellgimCu/ira 
l\ Cul^ffteO. 5nm-lnmgSl^fcit% 2 

*»M^>* 2 -SB 6 <D5Sfc<o?glftfc:BB LtMt 6 e 
[0219] tf, ^*J6^«JBt^*ffl*a 

[0 2 2 0] 1317(1, #»W0>*2~»6<O!?tt<7)Jg 

"t, SSI 0HT'>-^K1 lx T^y^Rl 2 £12: 
86 



70 
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*1\ ^^±i:^ewWi^i 3«^ti-ct^ 0 

*8ttT»H 14 1, 14 2, S»5Bf£Jl 143, mt 

mmm 144, ^rae 145, mts&m 1 4 6, 

J^l 4 7 j&Sjg/S£*L-C^*o 
[0 2 2 1 ] «6t^«*»M^II«OJg»^S y AF& 

J* £*'MT*«#H UA *:teJ:tfH 
UA^ ^njf^MTb, joi^ewWI^tD 
SStt$AR/Ri^to t:fc«7 Kfi, K>fb@*B 

^r^-To ^/ci8C(iS y A F ^^LfcS^ill^ 
0MO Otl^ltSSy AF<DRM«ttJB«»«tt=Jl 

fco3t»IS*S* J *5J:W^o ^y^MT b £cDg| 

[0222] 
[^1] 



S*/Tfl (Snn) /N 1 Fe/CoFe/Cu (3nm) /CoPe (2. 5 nm) 
/Ru (0. 9nro) /CoFe (2. 5nm> /K3U8ttB/Ta (5 nm) 







2 0 0T:K*tt* 












J Cefg/ci' ) 




HKTb(C) 


AR/ROO 


I r HMD 78 


S 


0. 04 


400 


250 


! 7. 3 




7 


0. 046 


4 6 0 


2 70 


7. 3 




1 0 


0. 045 


4 5 0 


2 90 


7 




2 0 


0. 04 


400 


300 


6. 5 




3 0 


0. 036 


3 50 


3 00 


5. 6 


RhJOMaSO 


7 


0. 025 


2 S 0 


235 


7- 1 




1 0 


0. 035 


35 0 


2 60 


6. 8 


R h I4R uT I4n79 


7 


0. 02 


200 


2 2 5 


7. 2 




1 0 


0. 03 


300 


245 


6. 8 


P tS3Ma47 


1 0 


0.0 2 


2 5 0 


290 


7. 9 




1 6 


0. 025 


4 0 0 


3 20 


7. 4 




20 


0. 1 


>60 0 


3 50 


7 




3 0 


0. 1 2 


>600 


3 70 


6. 2 


N i 50M n 30 


1 5 


0.0 2 


250 


300 


6. 8 


C rMnP t 


1 5 


0.0 2 


200 


240 


fi. 9 



IrMn, RhMn. RhRuMn, C r M o P t tB^fcX KWWTH : 

2 7oc, miwo«aafe»ufctt<D»A 

2 7 0t, I OBWOftttgtHUfcftOlS* 



[0 2 2 3] 



[«2] 
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ffifi/T a (5 nm) /N I F e /C oFe/Cu (3 nm) /CoF e (2. 5 nm> 
/K»Wtt»/Ta (5nro) 





2 0 OCCfctf* 


2 0 0CE*t*& 








KffCnn) 


J <erg/M» ) 


Hu*<0e> 


ia*Tb m 


AR/K(t) 


I r 22M n T6 


5 


0. 04 


1 7 0 


2 5 0 


8. 6 




1 0 


0. 0 4 5 


1 9 0 


290 


6. 2 


P t 51Mn49 


1 0 


0.0 3 


13 0 


3 0 0 


7. 2 




2 0 


0. 1 


4 3 0 


3 5 0 


6. 7 




3 0 


0. 12 


5 10 


3 7 0 


6. 4 



I rMntffll>?t>t^>A;uyjR : 2 7 0*C. 1 &H<3«flia£fcLfc««lSJil 

P tMn*«lr>Jk^e>/X;U^JS: 2 7 OTC, 1 0 »M©»*LIifcffiUfc*<D»# 

[0 2 2 4] [f|3] 
ft 8 







2 o ot:£*t*& 






HHP Cm) 




J <erg/cn' ) 


SKTb m 




5 


1 2 


0.0 1 


2 10 




5 


8 | 


0.025 


2 3 0 




S 


5 


0. 0 4 5 


2 5 0 




5 


3 


0.0 5 


2 5 0 


R hlOMnSO 


7 


13.6 


-0 


19 0 




7 


8 


0. 02 ! 


22 5 




7 


4 


0. 0 2 6 


2 3 5 



MI41^M^i^lflg2 0 Otl^i^^M^ 
3l»JtLT0. 0 2 e r g / c m 2 £A±*»S £ i # 
2) SMftlOf^®t°- *<7}o >>^r> 
^-^*««jftS/hS < ft 5 J: 5 fcft?feffi«:BElR]3* 

blJi»*L<f±5" J^Tt^5J:9i:t6r^(ao 

M*2 0 0 < C^*5»t5X»IJe-&5t» J SriBfeSCt 
^T^5:t, 3) R»«ttt«^flai«M[*S:2 0 nmfiJl 
T> i5ff*L<fllOnmHTit«:ii:J:9, « 

^m^oymamt^ t famsi±.izin#> z> z. t a«-e# 5 

£0. 02erg/cm 2 ^±im^i:llJ;!) s IS 
2 0 Ot^^T^j^M 7xa#H UA * £200Oe 

Kite-*"*:: KfMKfctt^&l***^*** 

fW</U^|R^-^jD*>6**«#*S2 0 0 O e t'feot 

[0225] hi 8 &*y&mm^Mir & * \*zss</u?m 
<D&fom<DXikk* Sifter *«#Hua* 

EI-C-$>5 0 il8X-»qrxa#H A u* fix ^SCft 
h ua * t it 2 0 0 O c ia±trtt6tftMI», « 



*3l*T, 2 0 0 O e ^WiKMBTO, *ft*Mai: Ay 

[0 2 2 6] HI 8T*«\ ^#ir>"^cb LTOtbtf^T* 

tfjibtU 2 0 0OeiWWiraiTll ^COSS 

^ftv>- t £r^-To 
[0 2 2 7] a*©NiOR»8tt)|^ FeMnCr 

S3ft«tt«*ffl^fe»'&^ii, 2 0 oncmasi^Tttist 

J d5»P>*bftt\ Sfc* 3 0nmf(DCrMnPt 

[0 2 2 8] »*©*JBOatftH»»lC*3V^XWt, ^7 
C^$tlt^5J: 5 P t Mn Srffll^fcS'&fcfct 2 0 

it^fte. 4~6. 7%ttfc«Wffi^ttS:^-ro 

[0229] r*xK*tu *6^^-r**w^siift^jK 

16 1£ J:*ltf* I r M n N R h M n , RhRuMn, Pt 
Mn. NiMn, C rMn P t 4^1^ 2 0 nmJ^T 
OS5S«tt«*ffll^Ct{Cj: 2 0 0t(ITHuA* 
dS2 0 0Oe£A±(O«nfeiB}Rtt*»JJ£L. l^tfiR 

6l^tt*ixa±«)|ttf»6*t* 0 ft*3*»M^*3V^TR 

50 [0 2 3 0] 019 ^H UA * ^ 2 0 0 O e <D*&W<OM 
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e(Dmmmtmmm<o^\i o >y</^^m\^^^^x, 200 

°c^x 2 0 0 o e <Dmn'<<< T 5- Z-tcm&<Dl& 

>/</l-ymn, 2 0 O^fCioiteHuA* * s 2 0 0 O e 
h UMili^HuA, 5 1 OOe iCJt^T/hS^ 

Kit &i\ 2 o 0 < Ctcio*t'5a*«^^ftfiF^i: 

[0231] IrMn, RhMn, RhRuMn 

ft^CDMn y s/ f © y - M n SR»8ttft:JB*l 
3^^*t£«fc 51-. 1 0 nm«T<&R3a««=JI*^ 

[0 2 3 2] ^6(O*%P^C0HJfi^^|g^$D^T 
tt, T b ^ 2 4 0 - 3 0 0 t©«i©S»«Stti tfi» 
41**fc«oBittS:^t. ftotTbiS«tfl«*J6 

fbH»JioBMb*ffl**<»aiJM:: J: D 0 A K 5 

[0 2 3 3] 8S*jB-frB^:3fi«ttSA*5J:t5»attJiB 
Ru. Rh. Cr x I r Ll\, 

^^ssattJiA^aasttaBic^, coFe/i^co 

[0 2 3 4] £ fetr, «fbB#B^«fb;frft«j£}Rte3S 

-ci*. 5s«tt«A^3ft«tt«B*ra*ipj^«aft$*-5i^ 

SdS*>S<0-C, miAWlB^W2nm 
SStt*»< ft££, ««tt-&Jlff# 0 . 8nm«TO 

w«^b*rtja3ej»«a*sHJB^*oTu*5. r*>fc«> 

Btfttt^JIJItn 0 . 8nmSriix.6*S{:Lfc*d5, IS 

fflKi/^MMiti^ 7 k o e "caSYbHapJi^^b^rfi) 

[0 2 3 5] ^6 ^**MO*J6<^Jgffi^*3^T«Effl L 
»*S^fe»aSttSA*3j:U5»«ttJiBO*^*S2. 5 

5, ^^aff^K»«tt«*^K<b@*Jio»jRttfli(s 
[0236] *»M^fct^xtt. &m&mAt&m®im 
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4UMF#B8M£JlB08MII*J: D t>*vMMWS»* U 

v\ a^tti a t satti b oittif t 

^ttSA^^JKS^^ttSB^lK^e 

[0 2 3 7 ] 5a?KttSA^K^J?d53SettJiB 
o8«MiDt*tt>»*i:tt, MUBttJlAfcBUBtt 
SB^K14IRj?*M5fS^Ll^»^(clt^T. ESDCJ: 

9ftflittJiA«)aK*w*^»-rsttatttJiBo 

««JBJ¥^ltdso. 7-0. 9©Bitt5ii*jff4 

Ut\ ^IiffMttlAH2. 5 nm<DC o F e <&&^ 
*8ttBBl:2 nm<DC o F e§4tt5Ct^ff* U 
i\, 3ft«ttJiA4:»«ttJiBO*ttBI*36Matf«isuv^ 

ttf*i1*ff»5 6 5 0 8 8 7t) rtiaoT, ES 

^Mt#6o 2 0 0t(C^lt5 JfOtt^O. 02er 

IrMn. RhMn, R h R u M n ft ^ ft -6 y - M 
nffi, &5V>teA u C uIIJg^aaiHbffiSr^ffi^-r-SS 
3Sfi£teB (M n ©JB*ds 0 5:8 4 0 %*»t- US U 
fe^^liP tMn, PtPdMn. NiMn 
ftif^e>ft-5®^jE*fi(^»aiHbffi (CuAuI^) 5: 
$tfS3S«ttS (M n 4 0 %&> ± 7 0 %«Tt*H 

SLS^) fc^^iCrMn^CrAl/^(7)Cr 

[0 2 3 8] S f)HiH&^4-C2 0 O^^ttS J 
30 (D®.&0. 02erg/cm 2 J^±5:il^gMW 

[0239] a8jc^sttfcErRi«**^-r^7^-^ 

1MB A 0 *Tb*5J:t* J^)Hfll^&« MMIMBA8J&S8' 
^TX-J WO. 0 2 e r g/cm 2 K±!&S»6tt, 

6o P t Mnftjf^>S^jE^A^«lllfbLfeS9ft8ttt 
Is CrMnft^b c c»^S»8ttBft>IH«l:* 
40 ffiffij&sSEft^S £»l^R3*«ttJRflC^j«T b 2 0 0 

(ill) h c ptenm&n (o o 

2) fc°-^£:, bccW^(HO) t°-*£^ 

tt^ns*-r-5 0 ffi^iE^fi^feftsaiy^bffi* 

*t*P t Mnft^S&^f*. f c ctBtf (1 

id aiaipjur^sct, fc6iMi«aiMbLfcffi^jE 

■)5&<D (111) ffi^E^LT^SCl <t£Ic*-r6 0 ft 
50 [0 2 4 0] ftjo. 13 2 OJC^-r J; b lc x S&®7^<b<£> 
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[0 2 4 i] z<d£ 5 t£&m£m&mum* , mi&-rz>\^ 

. A u , C u . A g , R u , Rh, I r , Pt, Pd 
i C u, NiFeCr. NiFeTaftifONi 

[0 2 4 2] mm^tn±m^<D\^±] \zm-r 
z*mw<Dm 2-^6 (D^o^^^gi-r 

[0244] (mm<Dj&n 2) in i^*^^^ 

TtV^-yt (A 1 2 O3 • T i C) mWL 1 0 HT^-^ 
Kll, T*^v7Wkl 2£7£ricU ^0±lCXt°>'^ 

/w^ifi^i 3^Mt6o r. zKTis-;^ K l in. m 

^0. 5-3/im$:tt6NiFe, Co^T^/l^r 
*^f£^&, F e A 1 Si -^^^T-fooT, N i F e 
^FeAlS i^-CttSFlgKJ: «9^MDflf£b^l^5fe"r6 
r^^^tv\ ^fcT^^^/^1 2^(iJi:^5~l 
0 0 nnKDT/^;t^MT^^j:Ml^tl6o 

[0 2 4 5] * t^^/ur/iff^fi;* l 4 £ 

£tlZ>o X f W^/U^Hld:, Ta, Nb, Zr, Hfft 
^(OJ?^ 1 - 1 0 n m<D&m&T&m 14 1, 
CTi?^0. 5-5nm^20Tiil42 x Mi 
ttJi 14 3, fi^h@*e 14 4. m&0. 5-4 nm<7) 
tfflS 14 5, mfc&&m 14 6. i&KI-lSCT** 
0. 5—10 nm^lll 4 7 a>e>fl*Jjfc £ il,S 0 
[0 2 4 6 ] *<D±\z.**r *,rfM 1 7 , ±5/— K 1 8 

Eftffl*5jgj8$^^ o ^y^gl7im5-10 0 
nm^T/U^t^IlkT/U^^^^^f,^ _b v' — /U 
K 1 8 ClJiJf^O. 5-3/im?:tt5NiFe, Co 
*r*^7 7^8lt^4, FeAlSi^4W» 

[0 2 4 7 ] S&a^JI 143^L-CIrM n> RhM 
n, RhRuMn/i^Oy-MnS^Mny^f^ 
<\ PtMn, N i Mnfc*T<a®£v£#fi<&SaiJS<&& 
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asjBv^fbS TJfcS 14 211, Cu, Ag, 

P t , Au, Rh, I r x N i ft if $. tc^tlh 
»tt5AuCu, CuCr4^&, »I¥9-2 
2 9 7 3 6 -^-l^fefc^N i , N i N i F e , N 

iFe^-g^*^, Ru, Ti*if, 

[0 2 4 8 ] S/LEJftSMSJi 143atC r XKtttt 

TflS«14 2fi, ±i£Lfc 
TJfcgT'fc £1^, bccB^^WCr, V. Fe# 

[0 2 4 9] BMbg^Ji 1 4 4 fifi£^*S^S 1 4 4 2^ 
#LTE»«ttWl-*£'&-f- Z> 2j§OSU8£t!feBB<7> 1 4 4 

1 JrSaSSffiJiAtf) 1 4 4 3^f)/^3iitM^tlt 
»«ttBB tS3ft«ttJl 1 4 3 t^tm, *fctft 
Stltttti B i »^ -f 7 ^IK^S»8ttR i o * IB l:« 

mZftO, 2-2nmi5»4U>, Will MUfA 

teJlA (*fctt3ft«tt»B) /gKbg/SHBttJiB <* 
fcf«S«tt»A) ##£LV\, 
[0 2 5 0] 1 4 4 2 teR u , R h , I r , 

5 R u ^j£v^l«»«H-CKM«tt<e^aitBS:*i--& R u 

£LV\, i^^l^lIiLTIi, Zfcftt (Phy.Rev.Le 
tt. 67.(1991) 3598) in* $ ttT 1^6 J: 5 feKMtttttt 

[O25l]021 jCttC o03ft«ttJl*3«tt5C o F e 

r/M s - 1 Ji^^t^jg'&^^tw^^x Mr/M s 
[0 2 5 2] 0 2 1 \Z7jk£titi± 31:, l^IHR 

2 5 0-3 0 0tt^M^lLTtSgf6 

wib, MattJiA^astje^jBi^ffi^jKik^j: 

6«»«-fr«IBftifO4»tt*{kS:*tftl^0. 8nm^ 
iitl. 2 nmJ£JlT>6 5 ^^ Ru^^o. 8 n m 

5 ^51 Wt'l. 2nm@^^x-5 

0. 8 nmSriSxT 1 . 5nm«T^$f^t^ 0 ^Lt 
3*«ttBB*3J:t/»8H4SA^ttC o tLtzteC o 

SO [0 2 5 3] 3ft«ttJfB*5j:t^Sft«ttBA^Coi- x F 
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(0 < x ^ 0 . 5) &JBl>*ttfs I rMn, Rh 
Mn, RhRuMn/^^v-MnlOMnUyf^ 
a>fcft*R3*«tt«l 4 3 fcO^tftXaMe^WK^W 
*b*t> L^tR u £M«ttBBfcJ;tfM«ttJ§A£<0l£ 

19, *fcH2 1 ic^T <fc 5 tt: 2 7 or. m#M«*SS£ 

[0 2 5 4] ft*3, **>r 

Ta/Au/CuMn/5fiaittl8A 
/Bfi&ttJSB CCoFe) /Cu ( 
(C o F e 4 nm) /T a 

: 2 7 or, ibud 



70 
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T\ 1 0 nm 2 a«eO«ffirt«>»/h«*^-C, tt$t&fr 

[0 2 5 5] «9^3Att1±J|A&ttttttSB(ORff(CM- 
n^t'y/^yiljgSRs, Sfitt«ftARs*5j: 

[0 2 5 6] 
[314] 



(CoFe) /Ru (0. 9nm) 
2. 5nm> /aft&EUM 







ft tfl * fc * 


ft m ft ta m 




f££ (nm) 


<nm) 




Ra (0) 


A R 3 (Q) 


7 


7 


7. 2 


7. 5 


0. 54 


5 


5 


8. 0 


9. 8 


0.7 8 


3 


a 


8. 6 


1 2 


1.0 3 


2 


2 


8. 4 


14. 1 


1.16 


1 


i 


8. 0 


15.3 


1.2 2 


0. S 


0. 5 


5. 9 


15.6 


0. 92 



m9frh, mm&mBkfom&mA<Dmmtei^s nm 

— 3 nm<OIRJVa*H2 2 In a* $ *tfc^»«JM^» Lt$ 
3gft (+6 0 0Oet0^ffl«ffSr*D^-Ct«l7LO«TdS 

[0 2 5 7 ] 0 2 3tt3ft«ttSA(Dl«i¥Sr3 nm — 5££ 
L> »«ttJiB^gl*«:aSA.fc»*o«JHcJ:-6tttt:ae 

[0 2 5 8] I9 2 3l^<b*t£ J: 5 »8ttiA^:» ^ 
*tt»B^**l«*4:«:«fU<-rSi:, +6 0 0Oe(D 
*«JMcJ:*tttto*fb*M**<, S§oT«SE#«ilL, 

#ft if fc# it* l < S3t*a^H*«dsna-e# So 



[0 2 5 9]-^ MMM^&BttttJlBOttMtJ* 
-nsifc* ^tr^/^<oa*tt*«*-cfcS«Yba* 

6«fcH»«>*fM*»*fcft6. #2K* ^SBttJlBcT) 

«»i:JStt»b#i:©B«*«-r»l 0lcJ:o-CW6*» 
ft£5K. ^tt®B<D?K^ffSr3filKfeSA(Da^K 

»^5o JB3^ESDI^J:5«<bH»Bo*<bS(E 
fr&kAsZmz htt< ft 9. r/u-^y^m/Eifi^i: 

■cgc«fts^ai*36s»e>tts 0 ccic^u-^^^^m 

[0 2 6 0] 
[^5] 
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3U 0 

Ta (Snm) /AuCu (2 nm) /CoFe (5nm) /Cu (3nm) 
/SWttJBA (CoFe) /Ru (0. 9 nm) /B«fc»B (CoFe) 
/ 1 rMn (lOnm) /Ta (Snm) 
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BGfeVBUSA *5 (nm) 


ttttttJSB (nm) 


*8tt£ft*AR/R (X) 


a 


3 


7. 3 


3 


2. S 


7. 8 


3 


2 


7. 7 



JEftb, Co, CoFe^tfNiFeiffl^t, 

A<Dm$xmm<Dt£Z0. 7-0. 9l:»£Lt«l8ttI 
B<7)JP^&2. 5nml:SSLfci^l:, i24, 0 2 
5*3J:tf*l l l:^t«t54fi»4ESD»M#5i 



[0 2 6 1 ] 
[16] 



551 1 

Ta (Snm) /«<fcG 4DH/C u (3nm) /SilelttJBA/R u (0. 9 nm) 
rMn (lOnm) /Ta (Snm) 
^WJ* : ;t*->;=>iraiL<DT3/-JH*. T** y^±K0AU^C o P t/FeCo 

<F6MVift#» (^-JH*tt£L) „ 
Sum 





aunts a 






mmm<t 


7 V - » 


OtiM)A /OlrOB 












0. 7 & 


CoFe <2db) 


CoPed- Snn) 


CoFe Onn)/NiPe(J. Bna) 




7 0V 


0. 6 


CflFa(2. 6ao) 


C©Pe(2na) 


CoFe Onn) /HI FeO. Boo) 




7 5V 


0. 8 3 


CoFe Ora) 


CoFe (2. Snn) 


CoFe(4nn)/WlPe<i. 8nn) 




7 0V 


0. 8 5 


Co (2n&) 


Co (1. 7na) 


Co<a5nn)/NiPe(4na) 




7 0V 


0.7 1 


CoPe(L4n*) 


CoFe (Lira) 


CoFe(lnn)/!liFeOnn) 


6 6V 


7 5V 


0.8 8 


CoFe(2.4ni) 


CoPeH. Ira) 


CoFe (]DB)/HIF€(3ao) 


8 6V 


7 5V 


1 


CoFe (3db) 


CoFe (3nn) 


CDPe<4M)/HiFe(l.Sra) 


5 0V 


7 5V 


0.667 


CoFe (3nn) 


CoFe (2nc) 


CoFeUra>/NiFe(1.6n»> 


5 5 V 


75 V 


0.9 3 


CoFe<3nn) 


CoFe (J. Bna) 


CoFe (Inn) /We One) 


5 S V 


70 V 



fc3S< *D ^<D@Sc#£^0Olt, H(current) g / 
H (current) A J&fCf^ff<7) iglt, (M s • t ) A / 

(Ms • t) B tm$-wt-rz>fztb{z^ mm&mAb%i 

Sit, £iftb lt(Ox^y^-tt> 
{ (M s • t ) • H (current) } A - { (M s • t ) H 
(curreent) } b 

[0 2 6 2] B 2 3 (CT^r J: 5 3fi«ttJi AdS 3 n 
m, »«tt)|B^2nm-e*)ot, Sot (Ms • t) 

B / (m s • t ) A =o. 67 htezm&iztL 

IA, S&ftttJI B b t 3 nmCOl^lgj ( a ) t^Jt^ 
X, H UA * #{&TU S§o-C«^bH#JiOii8fRtttffiT 

t^o : i 5 ca«tti a i 5 iastti b ^i»aB 



e*«^iD*>s^-c subs se^^s^s^^is^ 

[0 2 6 3] ^att + FflJllCfiC u, Au, Ag|*l 
50 (DXtfls/t/UzfmX-te, 1. 5 n 2 . 5nm^)ll 



(30) 
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[0 2 6 4] mk&&J§lZ&. Co^CoFe, CoN 
i , C o F e N i f£t*<DC o N i F e £ 
^^fe^WSWIja. «^.tf+WBfflI^O. 3 — 1. 5n 
m^i^C o$:tL/cN i F e^^fflV^tl^o L 
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[0 2 6 5) 1 1 2 tt^b@*Jl 08£{fc@*JI) (flj?^ 
*2. 5nm-Stt, «ftS*10»^ifitt«<k* 

[0 2 6 6 ] 
[$7] 





=59t«ttJHB 
JP3 (db) 


(X) 


»lfifc<t*AR/R** 
Cofctt3A**N $ F« (*) 


1 


2. G 


6. 2 


5. 7 


2 


2. 6 


7. 5 


7. 0 


3 


2. 5 


7. 9 


7. 2 


4 


2. 5 


7. 8 


7. 2 


6 


2. 5 


7. S 


7. 1 


6 


2- 5 


6. 9 


6. 4 


7 


2. 5 


6. 6 


6. 0 



^ L/c^l?£>6 0 ^1 1 {^TF-tX 5 2 ~ 5 n mCDW. 

ftSigof^t (f) fc«Ha^JiA<Dj**t (p) fc 

-0. 33^ { t (F) - t (P) ) / t (F) ^ 0. 

3 



6 7 



[0 2 6 7] 
[^8] 











t (F) 


t (P) 


AR/R 


(t (P> - t <P»/t (?) 


(nm) 


(nm) 


(X) 




4. 5 




4. 7 


0.7 8 ! 


4. 5 


1. 5 


6. 9 


0.6 7 


4. S 


2 


7. 1 


0.5 6 


4. 6 


3 


7. 9 


0.3 3 


4. 5 


4 


7. 7 


0.11 


4. 5 


5 


7. 3 


-0.11 


4. 5 


6 


6. 8 


-0.3 3 


4. 5 


7 


5. 9 


-0.6 6 



ttSttJlAtMttlBttCoFe^ 



ftSflCflTa, Nb, Zr. Cr, Hf, Ti, M 

ttt'li, WttfNi FeSW, IftT^^, 
Z>tctb\Zfrl£ ^OlgJPtffllxfif 0. 3-4nmi 

£F£H/\ £/c. Ag, Au x Ru, I r. Cu, P 



40 /Ru, Cu. Au, Cu^<C if* Ni FeMgft 
I<7)^l^liAg, Ru, Ru/Ag, Ru/Cu, C 

[0 2 6 8] «^@*B^«{ba*a^«<t;«:ii[3fS* 

t£JI14 3/&W rMn x RhMn, RhRuMn^^(D 

/SBtSrtTiBRfc. 1 4 4 2 *-eoj*«S:^ tr 

50 W</U^*T-0«*fRj. BP*>^>f h*faKf?*OLfc«J|l 
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«**r^*-*r^^»^sfe*^JR«i3as:J6-r. 4*5* 

tit* Ruftif<oat«[«*Ji3&5J: OlMfcKisa^fc 
SS&jg'&Ji 1 4 4 2g^t^Itfc*^ Lt> 0 

r^«i«3a«c, sit y-^ *-tzztte<m&*x\ 

*S»*Lt\ WttfTb^3 0 0t^)I rMnttt3 5 
0t-Cl*MUH?5, 

[0269] &t;iy Z £4<, 4>4< 

5 o K3ft«ttJl 143^PtMn i M n OglIiHb-& 
&<0»&fclRj»-efc<5i&K y -Mn^0>R3ft«ttJIi:tt: 

#Jltt4<* : £<n'&<n?&&im$: 2 o o < C£A±tf>iSii&* » 

*L<f42 7 0-3 5 0ttRfifffl, »^L<ttl — 2 
[0 2 7 0] ft*3, ^f^Mttlt, XtV/^ 

SrlrWSLV^ atttlB/^e^l/ 
SIlllAl)^ C o F e 2 nm/Ru 0. 9nm/Co 
F e 2 nm<nm^. R u<?)^I#(^6 k O e 

ldDi6 k O e JW±^$f t 

[0 2 7 1 ] J^^ftiCj; «9 , l&ftSlrJi 144(7)1 
^^{^1, B^bBSJI 1 4 6^T^ Kl 1 Ol 

0 0-3 0 0O eMg&WZ-X, ^-/VK^lKfegftl 
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[0 2 7 2] 0 l 7 fc**LfcT'<2y hv^^i^a ^947 

T^SJc«K«ttlfi«^.tfC r^F r Co4^Tft 
Oll:Ml/:CoPt^CoPtCr^^\ 
»«ll 5 1 jrSMttttMl 5 2$:ll»caiLT§II 

1 5 &fc3*«ttfls:Jl 1 5 1 SrfifcjKLTfc 

tb. (Ms • t) lb/ (Ms • t) f £ 2 £ATI-89:^-r 

te«JcUKJ¥-?3<-6 nmTgfit-CK (Ms 
' t) LB / (Ms • t) F 2«TlC-T5fc^|C > ffis< 
>fT*»«tt=Jifc#tffc*< 49, «*.fdf««Blff-ei 

2 nmT^T^45 0 

[0 2 7 3] t C ^*S-JttJr« HKfti-Cli 1 0 n mm 
1 TC0C o P t WWSSttR-Ctt, 2 0nmffT*te, 2 0 

o o o e <nmi%ti&t}-e&>otih<o&. 1 o nm-cus 0 
t xmmm^xmmtmmhte&o m*-&. m 

s ^ s 1 TON i Fe t 7 nml?<7) I r Mn!:Sl LfcJK* 
^-f T^/f-CJi. 2 0 nmfX*8 0O e "CfcofcAMfc* 
*5 1 0 n mlf tli 1 6 0 O e f«^t5 0 ^ <D 1 6 

[0 2 7 4] 3*flM£Kl 5 l/R3ft«ttBll 5 

2©«/^7^im BMBttKi s i (D<asi«^btt« 

15UttliNiFe^tU^/5\ J:^W 
<£>;*C#^N i F e C o C o F e Co/i^ 
^ J:K)»*Ut\ 3aflW4JRl 5 1 t LTftftfifrfbtf>/>$ ^ 

[0 2 7 5] 4*3, 0 1 7 -Ctt* fcT^/</U^tt^a$*Bfe 
Tmm 1 4 1 ^txi/fy^iltt L^U3fi 

^^sM^^s/^^^-rsais * it, ^>4< t tT 
mmi 4 2^^ur^o^a^&si^^:^^jffi-r6^^ 
5c? 3fts»*u^« mm®m<Dffi.&frbn. xym^R&mm 
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*:<D±\z%i&&mi 5 5 2^e>^5)^ 

fc. fc6^«^LS«ril^^attg 1 4 3 ^^/MT 
XJl^^^^^^^il^6/c^^. MM15 1(7)T 

i-, ™ii 4 3 <^mKr<»^Ti&Jii 5 3£^tt 

®£ft/hl$£lcik#>6/c#>^, Till 5 3GQJf^fil 0 

[o 2 7 e] ^s^tiBi^ffl^e^^t, mm^mt 
-t z> is t ^^n^t: ^ wm&m & f^ii-r s r t &m & m 

[0 2 7 7 ] R^t£lgl 152 * e^/^/U^fll^ 

ua*u ^ev^</u^^^^^ji(7)^^<^r^^^ 
ft£§££K{So7c££, <g;^Tb&^6R&ateiifi<7> 

[0 2 7 8] Mrfc&llC^ BL&M&m 152 tm, P t 
Mn^PdPtMn^MMCJ:^ HuA^Si-t" 

Mt^6Tb^2 0 0-3 0 0t^, RhMn, I r 
Mn x R h R u M n x FeMn&<^£. * fc° ^</U:/f^ 
OM^^il^ii^ttJ:t)Tb^^^^^^^: N BP 
I rMn, PtMn. P t P dMn4^*ffl^-5 

Kl 5 2<7)^^x<^T^^fS]^ h7 5/^«^S)^«l5£-e 

£^X#<5 0 *fcSM8ttI15 2l: 
«# t t , fiKBt-CSS*^^r^«*Srf+-^-e#-5 I rMn. 
FeMn. RhMn, R h R u M n , CrMnPt, C 
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^<^^a^s3fi«tt« i 4 3 r^as^isjasa* 

*tS^i:tt*<, * tr^/u^««>K»«ttJBl 4 3{c 

[0 2 7 9 ] — EI 2 7 iZTsk-TX 0 XC, OtftS AlO 

Ift@ftiCI>'M7xyDt5^ £/^X#S 0 
7^11 5ttK»«tt«l 5 2 ^^OTti: LtBftS 
id? *Bi^«iB#4:8l«)6fcft(0/< : x77l 15 11* 
^t^r^^tt^ :^^7rli5iiiiF 

e. Co, N i /j?^*>fe*-5»«tt«X«>-6Ci:as»* 
UV\ i/M7X^)»^(OS|[«ll 5 1/ 
R3S«tt« 1 5 2©«/M7^0|*iW*T?fc6, S 

[0 2 8 0] mM<DJ&M 3)028 t^^^fg 3 31 
^ JftJfcffiSr^-To 0 2 8 2 l & IS* t>/<;^6o» 
3£#S&£ 0 1^2 7l!I*3^T* T^r^^^l 2<D_hi:i^ 
/aSfbfc* ew^yU^Bll 4 te, Ta. Nb, Zr, H 
f ft if 3 1-10 nm<D#«ttTJftJB 14 1. 
t-fStXJl^O. 5-5nm^l2(^Till42, ffi. 
ffcSSJl 1 4 6. m$ 0. 5-4nmOtHgl45, 
&fc@*fJI 14 4. St&iKttJI 143, MWCtf 
$0. 5-10nm^Ill4 7^^M$tl6 a £ 

^-cotffcefcji (7y-i) 146, ^F B iii45, m 
itmmm 144. R3*««iji 1 4 3 ^nifijKis 2 1 m c 
30 mj&xtbz> 0 

[0 2 8 1 ] Ti&m 142 A u . Cu. Ru. C 

r, Ni, Ag, Pt. ^^c*iRh, ^/c^^Ertt^^afe 

X#5 0 

[0 2 8 2] 027 IC*3t>X, H 2 1 <b |^ C — 

^<D±tC|g|2 1 <hl^^, ±^-^ iy^g 1 7, ±v— K 
40 18^M^n6 0 

[0 2 8 3] (mM<DJ&1&4) m2 9&*&W<D£ b\z 

[0 2 8 4] 0 2 9^*3l/>XliHlSJg«8 2<OH2 1 *S J: 
l, T^r-\r 5/^1 2<D±|w, -»(Z)»/<>r7^I 1 5, 

^^fco®fiii6, M't'tT xj§ l 5, ^t'y/^ii 

5^7 L, ®ffil 6COFflfi8^^ ey/VUT'Il 4<D»J«a5H2 
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l*5«fctfB2 7 £fSS*6a 

[0 2 8 5] * f W*/U:/JR 1 4 T a , Nb, Z 
r, H f ft 1 - 1 0 nmO^BttTii 1 4 

h £*:i£i:t*S0. 5-5nm^l2^)TftIl 

4 2, s^a^iii 4 3. mmmmi 4 4, » so. 

5-4 nm^Bl 14 5, fllftS AJI 14 6, J? $ 
0. 5-4nm(Ol2(Dtr B 111 48, l2(Diftif 
1149, f&2(D^&S8t£Ji 15 0, j&KfclJSDTJiS 
0. 5 - 1 0 n nKOftRR 1 4 7 

[0 2 8 6] B£*b@*JI 1 4 4 £ fi£ft@*Ji 1 4 9 0V> 70 

ft< * a 1 7 tmt&m&mA. smshs^ 

ti) Mitmmm i 4 9[z&sy AFmtmmm. mt 
mmm i 4 4 i:attx^*imbB»ii^&^b^ 

2) 4 4HliSyAF8ftIfl, M 

itmmm 1 4 9 \^n^<Dmmmtmmm<^m^t> 
^, fcst^»3) M@fii 4 9 tmitmmm 1 4 4 

(DM^th S y A F 8<tB*B<ofl^^4ffl^5 r 
[0 2 8 7] 1 5lit^t^6T/<^ hi^t JO 

^co^^s^t^^^, B17, m2 

7, B 2 8 i Rl»«8/<>f 7^1 1 5 t y 7 h 1 7S, 

mUZ<n--t£ 0 lefts C Ui\ ffilfctfKMHK 

ttJl 14 3^1 r M n <£> J: 5 ft y -M n ^-g^O^^Cl 

I*, SMlttl 1 4 3 (0-»fc/>ft < t tSt^ i *S)f 30 

[0288] V? y?$&fflmzmmfc&%m-rb. r»< 

[0 2 8 9] Sffil 6li«^-f T^Si:— ffiLTy 7 h 

n^£/j^ J: 5fc«*£Eft-Ctt\ t©>yyh* 50 
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t**o*&jcJt-<-C«t 9W»l:ft5 fl C^y-Kt-^ 
K«Hftf*!SftBI2 l«2 7^HJ6?Kffilct>igffl 

[0 2 9 0] (MMlDJ&m 5) 130 1**3891 <D 
m<omMMmx*1bZ> 0 ®2ll:^Lfc^S^«2i:l^ 

JRl 3<D h75/^SMI:ii-^I^7xIi 5*3 
T, Tfl6« 15 3, »flM£Jffi 151, SttttttK 152 

[0 2 9 1 ] MM I 6fiT a/Au/T a ft <*f tf){£JgJn 

>y</^ym 1 3 1 mm lein?^ «w*ifi«-effi« 
ttt^w^tt^o m^-trxm^mmnmnv -7 h 

^KJ: ^tyU^S^lStt^ 
I8#*»ifc*sa*. »^*f»«^«««*^f4 K7^ 
[0 2 9 2] i/^7^1 1 S^fiELft^mffil 6E 

l/i o«T<0»*l-ttU 

S fel 1 4 6 (DM^l*8f ^ ^ q «^ ^ # % h 9 

[0 2 9 3] £ ibtc:* t'W^7il 3 tmMl 6 tt® 

[0294] zzx^&m®&m$:Mfrztitb\zn$L h 

7^^(6S:Sfc^T*< tcfi, tSNHBLD4:»«)-c*< 
m«i^PB^l : U<?K< ft5<i:^T-o 

«otHDS:LDJ:n*^<tS:i^ ^yKt# 

fcfe-th^'t h ICO^ttt 0 . 5 /z mSfi^-tttKJidJ 
»^l:ttHDftLDJ:9 t*#<R3lt*it^»* L 
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[0295] toll <D?$mn, f$±& ft i ^t'y/<^ 
fel*:iS#>5r £ U:£o Tie]® £*tfc 0 M^SyAFi 

SI 4 

^KWU7K»ja: TaCSMj/AuttDm) I r Mn (7n.)/fc»ttffJ B/ flMtlftftB/ fc»tt»A/ *fi3a*1*H/ a<fca*B/ Ta 
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•tt*IHJI*J:tfmba*Jio»*«)#IHr 1 4 nmff 
«Tfc»;i5£fcfcJ: «9> 1 6 Q^±(ai^V>ffilffcin£ 8 

[0 2 9 6 ] 
[*9] 







MttttflA 


IMBtttpffl 






R s 




(no) 


193 (on) 


JPS (mi) 


Jiff * <nii) 


»S (nn) 


£flftt»?& (n) 


(0) 


(X) 


C o F e <2nn) 


R u (0. 9nn) 


CoFe (2nn) 


Cu(Jm) 


C o F e (0. 6nn)/N IPe(l Sue) 


8.9 


28.6 


8.3 


Co F e (1. Sno) 


R u (0. 8an) 


C o F e Cna) 


C u ({an) 


CoFe (0. 5azO/N 1 F e (4ob) 


10.8 


19.5 


8.1 


Co F e (1. 5dd) 


R u (0. gun) 


CoFe (2ni) 


Cu(L Sal) 


CoFe (inn) 


9l9 


19.5 


9.7 


C o F e (2rui) 


Ru(a 9nm) 


CoFe (Jen) 


C u (2nn) 


Co(ln)/N 1 F e (5nn) 


12.9 


18.2 


8.9 


CoPeO. Soa) 


R u <o. 9om) 


C o F e (1. 6m) 


Cu Una) 


Co(lm)/N i Fe (Son) 


9.9 


22.8 


8. 1 


CoFe (2cm) 


R u (0. 9oa) 


CoFed Sot) 


C u (2nn) 


CoFe (Sun) 


10. 4 


19.4 


ID. 7 


CoFe (ton) 


Ru (lam) 


C o F e (L 5ub) 


Cud. Son) 


C o (Inn)/N i Fe Una) 


id 


IB 


8.1 


CoFeaim) 


R u (0. Sun) 


CoFeaion) 


C u (2n») 


CoFe (2nn)/N 1 Fe(t 6nn) 


14 


16 


8.7 


CoFe <3nn> 


R u (0. 9de) 


CoFe (Sua) 


Cu (inm) 


CoFe(lni)/N 1 Fe (7dd> 


17.8 


13 


B. S 


CoFe (Son) 


R u (0. 9am) 


CoFe (3m) 


Cu (Sun) 


CoFe(M/N 1 Fe (Inn) 


14.8 


12 


7.2 


C o F e (2. Son) 


R u (0. Ban) 


CoFe (3bb) 


Cu (L 5im) 


CoFe (Un>/N 1 F e (7nn) 


18.8 


14.7 


7.3 


CoFe (3n») 


R u (Ol 7ii») 


CoFe (3m) 


C u (Sou) 


CoFe (Son) 


K. 


12.5 


8.2 



[0 2 9 7] [^10] 
5 

Ta(5nn)/N i F e (2nm) P t Mn (7. 5im)/^a»» B/ ttfcttftfl/ ^ttttHA/ "PPWBHilB/ aUt@aB/ Ta 











ttftBfcJB 




R s 




AR/R 


JSa (nn) 


J*S (nn) 


(on) 


©2 Cnn) 


(nn) 


(nn) 


(0) 




(«) 


C o (2 tin) 


R u (0. 9nn) 


C o (2m0 


Cu(L 5do) 


C o (lnn)/N i P e (2nn) 


10. 4 


2 a. 


5 


18.5 


C o <2nn) 


R u (0. 9nn) 


C o (2an) 


C u (2. Son) 


C o(0.5nn)/N 1 F e (2nn> 


9. 9 


1 9. 


7 


7. 9 


CoFe (2na) 


R u (0. 9hd) 


CoFe (2nn) 


Cud. Son) 


CoFe <lna>/N i F e (2db) 


9. 7 


1 8. 


6 


8. 7 


CoFe (2nn) 


R u (0. 9no) 


CoFe (2nn) 


C u <Z. 5nn> 


CoFe (3m) 


10.4 


1 8. 


3 


9. 1 



[0 2 9 8] ^^J:5^liio^t s ^/uyi^ffl^t 
««Bt«ft*S:ll»'r6fc«)^«t, 1) 8MfcE*Ji<o3a 
«!A<!:MttlBl:« f c c«aS£3£ftc o F e , 
CoNi, CoFeNi^$:ffl^5:^ 2) 

o, CoFe, CoNi, CoFeNi^^fflt^: 
3) S3S«14BU^ttP t Mn x PtPdMn. Ir 
Mn x RhMn, RhRuMn^^Mijcl^tf 

[0299] HD^LDi 9 t>*# < K£-r*4fr&*)JB 

<0*«IBI«i:»^^r^«oiBIWHMDdMaff-a-rs 



h*r^^«^a*B^«{bj65rRj#^i-< *t), ^0 

fcV /VU^IW^ft^ HM D D J: 9 

[0 3 0 0] Mcft&it LT. 1) HD=0. 5 fi nu L 
5(7 D=0. 45/zm x HM D = 1 . 3 m. 2) HD = 
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0. 4/im, LD=0. 35/im, HMD = 0 . 8 /i m 
[0 3 0 1 ] ft4b\ 132 9(r*i«{kaSBta*R<OPfl^ 

[0302] (mmvi&m 6 ) a 3 1 $ & \z 

5 0 B2 9 icisi^-Cfilfc'W T*J§4>— Lt, H% 
<Ofl£fg 2 X^L/c £ ra«<DS»8M4«(wia UfcTftH 1 
53, I rMn. RhMn, C r Mn /jJ^OMMtl 
152. CoFe, NiFe, C o ft iT^>»8SttlK 1 5 

[0 3 0 3] £tf>±{::;* fcTW</U:/Bt 1 3j&Sjgj*£*L 

xm&&mmzmit&&m 1 4 3^f+#-r-5^^{c, a 

-f 7Xgl 5t8<tSftSl 4 3 ir^ifiLS<t6C 
fcd^J: 9flF£ mik&&m 1 4 3(DTii 14 1, 
1 4 2 Of 7^1^f>^<>f 7 X W^ta 

^mkS&MlZtt^-fZtcfr^^ 10nmT'$)^:^5 
#£Lt\, ^^;^I13i«/<>f7^15l: 

[0 3 0 4] * tr° V/^/U^ 1 .3 OJilCli— ^fcoflffi 1 6 

[o 3 o si *frnm<DMm $ \zx 7jk tctmmiz^ h 

DteLD £ < . loHMDi9/hS<tSCi:l: 

J: 5. aib@3PS> ^att^raS. a 

{beSJIO^fftJ?^* 1 4 nm^Tit^: ^ b° 

[0 3 0 6] (mm<OJ&M 7 : IMM&&tJtttBS5Jf ft* 

[0 3 0 7] *i\ «ICtt^ffi^A«0ll«:l8^-r«ffi 

[0 3 0 8] HttfB^fcr^/u:/)^ («T, SVli: 
■(1. BTfc*8ai-* 
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[0 3 0 9] (1) HJRtt^St^ (»l:«IlliyotX7 

[0 3 10] (2) »4«H©J:!)-«©m±tB5± 

[0 3 11] (3) tt;««j*#ftMR«{t;*ds»?>^S 
C o F e^M»lt<81t:«AL^»«C89fllP 

[0312] rftb©sv«©MKo^taTKine 

70 [0313] ( 1 ) Mfttt 

S V|g|(D^Ji<a-«ttft«*/££ ITti, NiFe (£fc 
nm) /Co (lnm§g) ^NiFe (|nm) /C 
oFe (lnmil) fcttTV^o ££>J:5ft«!« 

(a) Ta ( 5 n m) /NiFe (lOnm) /Co 
(lnm) /Cu (3nm) /C o F e (2nm) / I 

rMn (7nm) /T a ( 5 n m) 

(b) Ta (5nm) /C u ( 2 n m) /C o F e 
(3nm) /Cu (3nm) /C o F e (2nm) /I 

^C? rMn (7nm) /T a ( 5 n m) 
ft^as^lf 6*t*. 

[0 3 141 ±Blfc«t54SVim 2 5 0tX4 
HgS^7 P nt77^-;K t a s - d e p o &#(£>MRffi 
^StLT«*TJfC-«5l 2 0%£il±t)^MR*ftd s 4i:t L 
* 5 e W^tf ( a ) ©SVBTfl a s - d e p o ^(OM 
R£fb*6. 4%^2 50 , CX3HO7^-/^l:ii 
4. 7% < bas-dep o^C^UTfl»ltT2 0 %£A 
±t>*ftUtU*5, :©7^-;HK^«>Kfti± 
^tCfc(7)f#4^Ig-C*)5 0 fc, NiFe 

^ B<h LTffll/ N "C^^V^ (b) <7) S V flU "C t> > as-de 
po^MRfft$|18. l%t^SOl:»lX, 2 5 
OtX 3H(^7r:-/UilC|j:6. 5%£as-depo 
V%btt&\^Xm2 0%<D£fc&±CZ> o r<Dj;5ftMR 
»b*o^{kS:aMM»tt«:«tt^-fS £ t ft < afc*-T 6 
i-ftfe^WfRtt^*#*fi^ot r^atU^ixX 
i^fti\, 

[0 3 1 5] m$5 mtfcft ft tcm^ry KfH> J;<9^ 

5 fcaft*-e^#6*tXV^* S Vittt, as-d 
40 e p oi#l£#£>tLT^<5MR^^£, — y Ktf>flsj»I 
g± ^ «T4c ft & ^ p 1r * tw *5 ^ X m L < ffiT £ it T ^ 
£ c rttfi 1 0 G d p s i Sk±t^X 5 ft!B«?B«JC*t 

*ttf ft h ft ^ Pp^ m x $> 6o 

[0 3 16] (2) ^^3a*O^Jffil^J:5MR^>ft:^(7) 

S5MR^fc*Sr»^-f-5fea?>Jctt % (l) x^lfcas 
-d e p o ^^#^nT^fcMR^{b^^fR^niir^^ 

5^ »«S:^M:lT±lf5^ tKllas-depo^ 
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[0 3 17] GMRMlis i^^^g^ffgJ: 9 t 

Lj&*Lfc*s&* S VBtWig^J: 5 In. 
JIBRtc^y K-efflv^e>tt«GMRBl<o«JBir*si^-ctt, 

[0 3 18] r*t*/>U-Cta#-r*fc«>fcJMk«:* J t» 
hy-^fy/^i (j^T, d-s vHH^iEiT) ) # 
0!l;ttf, illd ^ o t OTH^^tF^i ^ 45 D 

-svmx&. mmm<o&m%L&&, «*.tfR«#H k 

VMS o bl>^^ HIRlcHTflH^ffiia LT^5R» 

T, MR»k*Ojftl^e>ttD-SVBII±ff*Ll^1llril-C 

[0319] trt% Sft*fl§<tSixT^SRMM*l)t 

«fM/#«tt*IWJi/«ttJiOGMRil©«*3.= y 
h^«t,L< tt±TP5«^RJItBlfcBLX«-T-Sr»tt 
^CSW^f^ GMRl^S^^y h 1*1 

[0 3 2 0] 8*ttGMRROS*3.r:s/ h^)±Tlt 

TO^g*frS^!E^cltm^^tbX#T, GMR 

w^^-et^^fc*. MR»k$Wl:a^lT^/co 
MRl*i=y M*«l8:*©AX»^i^ffiK*!K ^ 

[0 3 2 1 ] llELfc»*tt-*fiiS V««5tl!i«6 
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[0 3 2 2]«, ±»LfcJ:5*«ffiR»a**8f« 
ttfcfijfli LfcS VKi «T(w^-TJ: 5*^<o 

[0 3 2 3 ] (c) Silfi/NiO (50nm) / 
Co (2. 5nm) /Cu (1. 8 n m) /Co (4n 
70 m) /Cu (1. 8nm) /Co (2. 5 n m) /N i 
O ( 5 0 n m) 

(d) Si gffi/N iO (50nm) /Co (2. 5 
nm) /Cu (2nm) /Co ( 3 n m) /Au (0. 
4 n m) 

(Ref . J. R. Jody et. al. , IEEE Mag. 33 No. 5. 3580 (1997) ) 

(e) MgOlfi/Pt (lOnm) /C u (5n 
m) /NiFe ( 5 n m) /C u (2. 8 n m) /Co 

(5nm) /Cu (l. 2 n m) / A g ( 3 n m) 
(Ref. JI|#J*Wfflk B#&JB^£? 1997^#**£»» 
^ M^pl42) 

(f) SiSt£/Si 3 N 4 (2 0 0 nm)/Bi 2 
O3 (20nm) /A u (4nm) /NiFe (4n 
m) /Cu (3. 5nm) /C o F e ( 4 n m) 

(Ref. D.Wang et al. , IEEE Mag 32 No. 5. 4278 (1996) ) 

[0 3 2 4] ±|E (c) OSVim ±TWB^ttt 
KX^fc5fc^. NiOligltl/^fttl^ll^i 
[0 3 2 5] If, N i OttS5»«***sa<*ffltt*S 

xmitmmmvmtijfa&^&fehte*) , wAasasiH- 

£ffl^5KL^ V - K«« < *o 

TL£5o SflMSfcx^igAfiE S D (electro static d 
ischarge : #m*£&) L J 5»i"< 46tftCg 

*L<fcV\, S^K, CoFe*S8SCffl^I^ 
CoFettfcc (1 1 1) EWS**»t*btfA»ft(* 

50 lifilt^I^i:, ««B(0TJft£ LTKftttJlSr/B^ 
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5-^iCoFel:tot f c c (111) gBfpJ 

[0 3 2 6] It (d) (^SVftHTifeiCN i O 
RttmtteoX^Z* *tc. (e) OSVltW« 

fcBLT^So iilW^Wi^LX, Au^Ag^J; 
looi^ttt (d) cD^^^fi, JH^ST-OSl 

[0327] ±mistz£ote&mmzmmm^m\<^tz%i 

±{-S/l^tL5o (d) oX|»^IB*StL-C^S X b 
^otLI^ SV«l±fc«Ji;* shuttle 

So 

[0 3 2 9] HKSfw, (d) (OSV«^AuJB«B^ 
il£t{£^Jg££ UJ:<li>f)ti6TaIS:Slt-5t, 

[0 3 3 0] (f) (DSVjglte (d) i:«Au^ 

a«fc^s«±fctt*rt»f 5 1 r >r 7 > k/*« u^-r^ 

CtdStoe>ttT*5 0, rtt«:jJpS!|-r-5fc^(^ (f) co S 

7 -y hill, ^^ifJlfflJlStLSN i F e t <Dftffi 

[0 3 3 1 ] L^Lft*s& % (f) (OT»Bli*fflW* 
^ftilifi/i^o AuB^b i 2 o 3 flS± 
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asgitffl-frSC £*?IJJBL-C, J¥£20nmtf)B i 2 O 
3 WkZTi&b LTJ8^T^5 (Ref.C.R.Tellier and A. 
J. Tosser. Size Ellects in Thin Fi lms, Chapter I. Else 
vier, 1982 , L. I. Maissel et al. , Handbook of Thin Fi 
lm Technology. McGRAW-Hi 11 Publishing Company, 198 
3) 0 

[0332] s i 2 o 3 m^rmt \^xmz 2 

00nm^Si 3 N 4 M^tl>6 0 -&f+ 2 

2 0 nmt)C0l?$(OTl«^Aufl|^Tlt^ Lti^fc 

5. 2 2 o nmb\,>?mm&^'&m&m{kizw<>xt--f 

3 5 OVk^oMMXCD&Mmte. GMRlil^Tl 

^®T-^®i£tfe£*8#. MR«WfL<«ftLtL 
*5 0 C <oi&fitefc£ jiWIRttfcfcftfcC o (CoF 

e) /Cu/Co (CoFe) gf/§j8£ffl S VSX* 

^ [0 3 3 3] (3) CoFe (^1181? 

CoFelMiatfflt^i^ fee (11 

i) LtiT mm zmm-tzz txc o f e g& f c 
c (ill) gaft£it\ rtucj: 0 rsjj:$ 
*5ctds^TtB"C*>6r^^awsnri^-5, err* 

fit, fee (111) EfaLfcTJfiJii ITCul^A 

M*Ltf, ±IE4*«i;ia<5< S vmt IT 

[0 3 3 4] (g) Ta (5nm)/Cu (2nm) 
/CoFe (3nm) /C u ( 3 n m) /C o F e (2 
nm) /I r M n (7nm) /T a ( 5 n m) 
(h) Ta (5nm) /Au ( 2 n m) /CoFe 
(3nm) /Cu (3nm) /CoFe ( 2 n m) /I 
rMn (7nm) /T a ( 5 n m) 

_tfELfc (g) OJBt-Ctt, C ulglte fee (111) £ 
[p)UX*3f9, CCOfcc (111) C uJg_Ltf>C o F e 

lUcc (ill) mfavx&m&tem$Lx% z>h<D 

40 <D. ( i ) RfS&tt^jg^ (as-depo:8. 1 %-► 
2 5 0tX4Ht: 6. 5% (MRmitm^M it X 2 

o%£it) ) . (ii) m^xi-±- i 4x i o- 7 tmMm 

tl-cii-ioxi o~ 7 ~ + ioxi o" 7 gg^a^ L 

[0 3 3 5] ^C, fccttSatCullftttA 
ufc/B^fc®^ ((h) OR) let, (i) HJfttt^S 
V>(as-depo:8. 4 %— 2 5 0 <C X 4 Ht& : 
50 6. 5% (MR«<k*f4le»H:-e2 3%*ft) ) , (i 
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i) ai^i+3 3xio-^iS6MI^#i^^t\ C 

[0 3 3 6 ] ±IE (g) , (h) <DX tfy/</W^I(^X 

CoFe/Cu/CoFe 3 J| TM5f£ 131$ * d * — 
^^£#oT^<5/cl#), 1 o<£> fcT— ^tr&oT^fctf) 
T\ ^ft^r £ o/c 0 r<7)<h#, Cu_htf)CoF 

e/Cu/CoFe 3f(^f c cE[p)^)d- (111) 
X^-v-^ffili 2 . 0 5 4 nm-Cfc^ Au_bOCo 
Fe/Cu/CoFe3l(?)f ccgHf^^d - (11 
1) i/V^ffiH2. 0 8 6 nmt*fco/c 0 ^j$-r 

6J:5K, rtif)Cu±^J;{;Au±od- (l l l) 

(1 1 1) X^-is^Jfm* Au±^tf¥5d- 
(lll) ^-^yW^K^^^^^o 

[0 3 3 7] Z(DX 0 CoFe|^5>ft6««B4 
fflt^S^, »tC f c c (111) SBfr $ia:fcTJfiJB± 

fz 0 4*5, &^£^££ii:£^?£<7>lo<h IT, 
ift^-C^O f c c ( 1 1 1 ) SEft^iirfcN i 8 oF e 2 o-t 
i^C o F e «51»^«tf»ON i F e IC <fc 9 

LT«2a«:»fc:i-<5»ie (±12 U^c (a) 

R O m y p ir x b ds ^ # I > <?: ^ 5 WIM * *T L X ^ 
[0 3 3 8] Ji^LfcJ; 5 l-> t£#<0* tr >/<;i>*7m& 

x f>^/py^OiiHf»tt^:i6)± $ r k fcmik tiX ^ 
[0339] j^fcr^^/u^8i^MR^b*^rpj± 

$>+ WK&v-b*mmk<omteteWi(Dm*:iz-i:*)ESD 

[0 3 4 0] aF&te, Xfc'y/<;^g^)fti^«*| 
[0 3 4 1 ] *5Mc, i®^MiaS^fc'^;^I 
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[0 3 4 2] #HJ£E?ffil*£ Oct ^illi^t^fc 
TSrJMJ LAc* fcrv/</^Bt* 

&&VLi8}Mt:m*i:m^zzk\c£vx* lEftssnstt*? 

[0 3 4 3] ^T, ±3eUfcSlHSr«S*-t-*fe«>«)|llS 
[0 3 4 4] 0 3 2 11, *38MO«««taa**^ (M 

» fc6o mfcSBi*3«tt^lK2(©«ttSi. 2d #at£ 

[0 3 4 5 ] m 1 & «tt/fB 2 <0BM4JI 1 „ 2f* s W?L& 
C o *#^Co^4(DJ: 5 4C o 4r$tf»«ttflc^J: t> 
iS^tl^o ttttlll. 2ttNiFe*44^» 

50 [0 3 4 61 W1K 2^Mf5CoMHX 
fi, Col:Fe, Ni, Au, A g> Cu, Pd, P 
t , I r , R h, Ru, Os, Hf ft ZfrbMlftlZ 1 

a«fcfcfi2a«±o5c**»*DL^&^ffli>fen-5. 
**P5£iB*tt5~ 5 om*%k-rz>z k*mi£ L< , $ 

P>^li8- 2 0H^-%(O$BH^-r6C ^*sa* Ll\ C 

40 [0 3 4 7]|1 *5<fct5fS2 0«ttJB 1 . 2(D^, T 

Wi--5*«14JB («T, *Bt^Ti&Ji<bf5i-) 5±lcjg 
i, Zr, W, Cr, Nb, Mo, H f *5 J:U^A 1 fab 

^^i*J$i-5«t MR|S)±l4t^Wt# 
5(? ttft^ofc«iF-S:*«ttT»«5/MR|Bj±«4||tffi-e 
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RftitS1tZ>Zb&XZZ> 0 

[0348] mi <vM&m i x v mt-xfa 

te, IrMn, NiMn, PtMn, FeMn, RuR 
hMn, PdPtMn, M i Oi^^^^SSMl 

[0 3 4 9] 13 3 2 XMil3^$;*xX^#t>#, Wi 2 <D& 

ii:Ru, c r f£t*<Dm&itvxm3<Dm&m*ffim 

U $ 2 (OM S 3 R K K Y WilS§li 

v'^irx-f ^^ryf 7xnM^ffl^-5 - b\Z 

3<7)^t£Jl£XOl#/&£ IX, CoFe/Ru/CoF 

e, Co/Ru/Co, C o F e /C r /C o F e , C ^ 

o/Cr/Co4^*(ft)tt5 Q r(7)^^(7)S^a^ 

[0 3 5 0] Sl^J:^2^H41i, 2 ra testa* 

^5*8tti3 0»«MRt ttli> Cu, Au, Ag 
[0 3 5 1 ] K3fi«ttS6±^tt«»Ji7^H*t?>nX 

mm (H^*-r) m^iaot^f^ 
■i^s »«ttBi a> e> r * « ji^ *q j« * # u x ^ 

t>o #*3, B*9ttStRX*S><5 0 

[0 3 5 2] ±^LfcXt°^/</uyK8 4rfi|^-r5^® 40 
<D5*>, MRltlii 4 tt**«iO»*«48dtfc 9 , 
HI 3 2fc^i-MRlRj±Jl4tt!Bl <D&m$&4 *b%2<0 

&mm4b bto&mwzzvmiSLZtix^z. *trw< 
*7ms<DTMb i*xmm-tz&mm4 a, 4bi;u*, 

WttfCu, Au, Ag, Pt, Rh, Al, Ti, Z 
r , H f , P d 43 J: I r £> ^ *L 5 '> & < ttlS 
OTti*^^tf^M^^iSffli-^^ £#X# 5o 
[0 3 5 3] rtt^>1SISO&J^^C0 5 18 1 <Dfi&f£J3 
1 ^JglTSf&l (D&JHjg|4 a uxmrit 

&±i LX»fij^t"*5G3Rfc#B« SO 
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<Dmm\zfoz Q m2<D&mm4 b co^tt, -tax** 

^J;^2^1i4a, 4 b ££<t LT«/£-r5#7C 

5SSl<D&JHj]Ji4 adSE«S^ t^^iJCi^iSS^ 
(Il^IIl a J; 9) St>Sg2tf>&JRjSl4 b^gag 
SftX^S ^b &miz Li\> 

[0 3 5 4 ] £rx, *»Wfcl*m6#B»<BM«fco 
l/^t^^o #*91lw*3^X, Ai:t>57tm^B ^rl>5 

2 7G^GQtg[g| Binary Alloy Phase Diagram, 

2n d Edition, ASM International. 1990& ¥) l^ioV> 

x, staaff^ffi«a«-c, A&ew* Lfc£*mBas@ 

^X-#5J®^%*^, BS0tUi:tl:A^lS-ei 
tt- 1 0%£JLT-e*>57£*^tt^**>* 

[0 3 5 5] LX, l&ttll (fl^tf«*Hl) 

^(:ov>tMt^ 0 *&ttJ§& f c c gSr^i^-T^/c^^ 
UTttKa* f c c&M^h c p&JRX*>5£. ^SH: b 

b LXCtA 1, Ti, Cu, Zr, Ru, Rh, Pd, 
A g , H f , I r , P t , A u Kif&mtf btlZo 
^(D7t;^^9^> Co *#B»*^5±1B*>ft#«r»JB 
-T^Tti^fi. Cu, Ag, Au(D37cf^^6 0 £/c, 
N i fc#H»^^5±E<0*#Sr«J£-t--57cfRtt, R 
u, Ag, Au0 35G*£fc*o ffiLx BSttJi^UXN 

Rr6]±Si: i,xm^tz®&\cn^ *istt>i6:^s 
i u bte&mMbmmztiZo 

[0 3 5 6] -T^>^^), 7 y — Jij&SflfvMfrfrl;if±, MR 
^ttt^tCt, diffusive/£#ffiiC^oT 9 
*lRjJ&SSt^CSpffft«lB"Ct, diffusive^#®{C*5^ 

fT5 b X *>mmbt£Z> Q o£«9, MICioTMR^ 
[0 3 5 7 ] £A±<0aS*J&*?>. Ni^drCu^li^i 
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OiB^btCC u £AD;tT, Ru, Ag, Au, Cu 

6;i£ft<, *ffiR#»*asjtm-cSS. 
[0 3 5 8] r. r-CH, attJIS: f c cgSft£ii:Sr £ 

AflcWt-li^ttSi: IT, CoFeB, CoZrNb, 
CrIITi, Zr, Nb, Hf, Mo, T a ft £^$5 AD 

[0 3 5 9] ±tt<D7Lm^£^Xffij&£tltzM 

TumtlsXte, f cc4i^hc P 4«i5sa*L<, A 
1 , T i , Cu, Zr, Ru, Rh, Pd, Ag, H 
f, I r, Pt, AuteZtf&tfiDtlZo 

[0 3 6 0] mr fa±m\zmmm&mm'tz>m&. m& 
[0361] MRfa±m4\zmsm&mm'tz>m<D&$. 

Ll^Sr^-To IttlldSCotfcliCoMt?, 
Jg|4 a Hiii:«^l^»f:tCut«Uci 
£\ &MR4 b tt±E«)i«(0*#S:afct A 1 , A 
u, Pt, Rh, Pd, Ir a>e>»tf*L64>fc< £ 1 

^AgtMlfcI^> b {2P t , Pd, Au 

i4biipt, pd, Ag, a i ^e>atftts^*< t 
lasr^tf&MK^m^-rsc ttwiz li\ rates 

1 i ^&T% &MJS4 a ***tfc#B*<D*fl=S:8J 
ftlTRuXffitiLl,tim&* b«±IEOH8<0* 
ttt*fctRh, Ir, P t a*e>»tf*T,<5*J>ft< t t 1 

mz^tt&mmxmtfL'tzz. Ag^j:^ 

[0 3 6 2] ±a!Ufc «t 5 fcfi^-&fcHi:tf> 5 M R fo] 
±S 4 £»l/£i-<5 2tu^?5iS 1 0 %£l±Z.\,^\zm&'t £ 
£^g*L<, «tlfAu-Cu, Ag-Pt, Au- 
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Pd, Pt-Cu, A u - A g ft ¥&mtf htlZ> 0 ft 
*5, &JKJK4 a £&JSI8i4 b(Offi^Mft etit 

T*teft<, ^tlfCu-Ru, Cu-Ag^E^bit 
ftJfSrigflli-*^ t fc 6 « «MK**E>& 6MR 

rS)±@4«, ^ 1 (7)^m^4 a ^^2 (D^MBI4 b 

2JMMH*|::R&i\ 3S^±^«SBgt?»^-r6C<5: 

[0 3 6 3] MRft±Jf 4 teS 1 GQ&JHIg4 a £ S§ 2 <D 
70 6MR4 b ioaiRi:Be>f , «itfH3 3l:*tJ: 
^Sl ^r±^r LT«^:T57t;m^^@8^ll« 
KkSTUsBO^&Ji 4 c t'MRf^il 4 C £ 

w#*#A*^affl-e#s 0 -rft;b*>, ittli^co 

^fcliC o^&^^ft-5#^{w(i, ^&il4cte£»/£ 
Tti^^UTCu, Ag, A u <D ZytBfrhmftft&'Pte 

»^^fi, ^4l4ctt±««S*tltRu, Ag, 
Au, C u 4 7Ei^f)Iim5^^ < ^ t 1 

20 t*a 

[0 3 6 4] <&&m 4 c te±m^tc±Mf&7tm£Xft\Z'P 
f-li, 2ft#«fflt£ftfefc^J: ±«*7c«tH» 

^7C*dS^t^6)iX5o 0H;ttf, ^14 C<0±»J*7C3R 

(-C u WcS'&l-te, Cu-Au, Cu-Pt, C 
u-Rh, Cu-Pd, Cu-Irft *£<0&&&?k<0'& 

AcSt^tt, Ag-Pt, Ag-Pd, Ag-Auft^ 

<Dn&mjk<o&&&m^btiz>o ^14 c <o±mi&% 

30 fCAu^fflV^c^l-fi, Au-Pt, Au-Pd, 
Au-Ag, A u - A 1 ft ¥CDn&m^<D&&&m\<^t> 

[0 3 6 5] _ha!LfcJ: ?ft^&<£>5 MRfp)±g4 
t l,X(D<&&m4 c&2tc3Z& 1 0%J^±SVMC@^-r 
5^^^M^U<, 0iJ^l^Au-Cu, Ag-Pt, A 
u-Pd, Au-AgiWlf «b*l,5 0 ro<t5^s 

itfB3 4 i-Trr-TJ: 5I-&«J«4 a i:Ml4 c £ (D® 

e^-cMRfp)_be 4 * r & t^ite-c*>-5 0 

40 [0 3 6 6 ] ig^ii 1 ICC o -5 

mmm 1 ^t±&^ bT^MR^±ii4(ic o^«tt«-s 

u, Au, Ag, Pt, Rh, Pd, Al, Ti, Z 
r,Hf, I r te¥^^tlb(D&&teMRfa±:m4<nm 

^flgt> U< «-&AS^5>*5MR|rJ±S4 S: flavor, t 

50 oX«tt«-»^&/je&«ttJI l <D«S*ffi«-*-*£i:# 
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[0 3 6 7 ] MRfa±m4<ommn. rmmt it^i 

•5MRaj^** s «^-T5^«), MRft±Jf4 <7}fg|JPfi 1 
0nmHTfct6:t^ff*L<, *fel2ia4L<tt5 

[0 3 6 8] ±a$Lfc«fc5ftMRfpJ±Jl4tt\ * t°>v< 

GD&®K#ti8l (JUSKMI) 7y-i^s 

i^i^l:t)MRM$^«^»:Ifipt61#, Co 
*8tt»W^46*i« 1 (08I4fi*t5i#, ^ 

MR#tt&ft±$i*r£t><a-efc£ 0 ^TK. MRf6]±i 

[0 3 6 9] 4i\ * fcTV/^/W^IB^fR^P-fe^^blC 
ot>xai'<5o ^nt^r = -/H:J:6MRttft^ft 
^)-HiU, BttBl, 2©*gtttMl3i»U 

-r^c^^^^^tt^o ^©«^4H3 5i^t 0 ft 

H3 5l:*3^t, I F S te* f^tt^SfcaStt^^ 
ffi, I F M ^^t 0 ^^^gLX**ift<^ffi^SL^tL5^ 
ffiS:*U"CV^o 035 (a) , (b) |i3ffifiUfcffl (a 
s-d e p o^f(^M) £s 035 (c) fi^nir^T 

[0370] 035 (a), (b) X 5 * t° 

4 , P B ^il2x / ^b@^ii3 0 3ga@«iglC^bH>T. ^(O 
W«l"C^«ffi«kaSS** s a s - d e p o^IlliCT^ 

t) , 03 5 (c) K^-rjlSU:, yDtX7^-/Hl 
J: 9*St^a^^@«i--5 J: 5 ft^TMl#®fefife#£ 

[0 3 7 1 ] &JRJK#c5^O^ffiSW?a*«*^0!IS«i: 

£>5 0 . Ni F e /C o F e IF-ST* t> Jt®#J ^ * 

->^^^/>ft^ a s - d e p o «tt-Ctt*ffiKJ*a*^ 

fc^Ni Fe-CoF eiHe-ettSS^Ijtffitttkj&S^ 

[0 3 7 2 ] flrftft^ N i F e /C o F e iljg^f) 
46MI^ffll/cXt B y^;U^itli, NiFe/ 
C o F e^®^^®^^^j^^^nir^r^-/K-J:o 
T^^tt, 0»|^^a s - d e p o^FiC7. 3%"Cfco/c 
MRfjt$^\ 2 5 0tX4H(D7 P Pt^7^-/^f 
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/MZ ££N i F e /C o F e I^T-<D^®M#^$W^ 
[0 3 7 3 ] «*^#X.T-Ii. NiFe /C o F e #® 

fcae>. c^*ffi-c<o«ffiK»«%itS*vc^ft^ofc 

a s - d e p o (OttiWJt8W; ^'>y^/^0 
^ftl>*S-ftif.ffitft5fc«>. AWRff-ffiUHs^Ttift 
JO IRItai** s 4i:5i:*x.bttS. NiFe 
/CoFel«wlSi:fc5f:J(), ^pir^rn-/u 
let !9^S«-#ffi^i£»*3J:t/^ ^v-^U #ft<o 

R»tt^ftt5^tMte>iiS, as 

-d e P o««^tt*BK»ss*<o»*r»tMRae^*ds 

[0 3 7 4] 7y-gd5»V^^iCfi, MRft± 

20 t&Wtfc±CX. diffusiveft^^ftoT L£ 5 £ > V 

o^d. t?^Jit:7y-jg<D6Mt*r6ja s 

SlM^¥ffftttffi-Ct. diffusiveft#®tC:fc^T## 
aa*fi<ftkfti/\ o^«9. MR^W^fiT4fi<: 

zvmmkteZo ost^ MKaoXMRfw^ 

•?0 [0 3 7 5 ] 7y-«fc#«tti«»«J1^0#ffiJC*5^ 

#N8«Bi*«Jl<0**#£ It, Cu, Atu 
Ag, Ru^lf6:^^x*§^ 0 Cu, A 

[0 3 7 6 ] MR»tt^<k^» 

*Ji~6 1 O0)||^&£ IT, GMRS*a-5,h^ 

ttlsWltt. PRfiCo Fe^&<7)J;5ft#-£f£GMRS 

^^L-^/ MCffl^fcl^ C o F e^^H£ f c c (1 

1 1) &fa$*£Z>tL}b<r>*/- YMk LT^lSfEt**: £ 
ftJttbtfftfeft^fc*, fee (1 1 1) BBfRjU-^i-^ 

[0 3 7 7] ^Dt^7 = -;H:<fc6MRlttt^k^ 
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&t£B<Offi<«(D#BU:o^TIS, *tfHSfiFLft^«B 

[0 3 7 8] ±EUfcJ:5ft*fl=«rjt5l't-5/S:»^, 

«fck**m*«*i-6£*#*fc*t>a*L< <«*. 
liCoFe/Cu^Co/Cu) . * CO J: b ft JIB Tr£> 

B*ii*wtjBr e>ftv^«ci*-e*>6 0 ^o-c. m&m/n 

tt, GMRS^^^ h^5>^^f^ (0J*_tfCoFe/ 
C u/C o F e ^^l:ilfeiF^^ifi^(DT\ 
{i&grT^ {C&£tf)-mft < > C o F e /C u/C o F 

e-ess^ofc^S3etftoT^5) mmmazm*£ 
&&m& ui^s, HRjcfir/u^^ftaf^r^/u^T^ 

[0 3 7 9] ^:t\ HfflW^HmU#5iieS»3SI: u 
T x «ftttJMS#«ELfc£ UTta«^»ft»UL-Cflft 
<, JJt^^BrtiBl^O^^ftt^^^^-Y^^i?^ 

-e«>e)effinftW«An^ tv^^switfct-s^ 

*»M^*3^Xtt. Jii^LfcJ: 5ftMR 

f£J: < *#tb*t£ 0 ^ey/</^f cc 

(111) gSft£i*:> ^o«Brti-*5»t6il8*ttriB^te 

(7) j: 5 ft* trw</u:/K<0tt*ttM«fc J: o a^Sfcx^J 
*W*<oiPj±*B3££#WtBift*. w<&ttA»i*fc: 

[0 3 8 0] {fiffC o F e / C u / Co F e 

/I r MnooJ: 5 JCM n »K3fi«ttffl(w J: Di^fbif t 

ttxc uilifcT-feSfc-rs^ MR#ttas*{b-rs*riB«= 

* S *#V\ J: 5 ft n tfabC o F e /C u/C o F 

e/I rMnft^JBfi*fc#«riio-t\ I^R^Mn^C 

<xl-< < ft5J:5ft«»»»5Sdsa* Li\ £i\ 
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[0 3 8 1 ] 4t I rMnOJ:5l:CoFe tfa+m 

ir-to±^j*|»SttS I rMnIiOBt?*S4»fS 
WtCS, iErtt^jlSft-rS^^tC, CoFe/l rM 

nS(7)±^I rMnO»^PflBS:S^i:ftoB N *Tft:b 
*> I rMniHM^BIIIfcto f c cftJHttftfr 

[0 3 8 2] £ h^. BL&m\$Lm<vT&mt UMRf^ 

*tfc5o r © J: 5 l:S»«tt«Hft L S -fr TMR rt± 
mi%<Df>ffij£tcrtXte< , ±i£<7)J; 5 ftR u. Crft 
»fc>fti\, -OJ: 5 l-K»«ttfflli:fi*'&*> J frTffl^S 
fctfc1ftLfti>fc«>fc:, MRieg±B(iSttttttR^^B« 

-C£>£rtv tb<HI rMn, RuRhMntf)J:5fty 
-M n XRMHtKSrfli^fc fc * 

frefcsc ^a* ut\ 

[o 3 8 3 ] ^sw^ra^ffifta**^*, ±a>u^cj: 

5ftA«W/AJRJ»*B^«BR*tJ»*«:ttC«>^ IT 

^^Wtt^ipjift^SrBofet^-CfcSo -«>I8. ft« 
30 IKffB*WfflUfe«BK»W^f±ft^2,S36S«?^-i>ES 
ti6o S-fffilfc:. AJRl«/&«l«*B-Ctt2K7 t ^^^ 

LT«*#ftttfcfte>ft^^^j6S^stt-5 0 » 

#8tiwJ: 9 GMRS^^jx hlcSfftt-smSK^/h* < ft 
9 . MRM$^/hJ < ft*- kfr^m$tiZ 0 

[0 3 8 4] &mm&&&mt i^xtdn^tct^^nm 

itmXQft&Z tnTLbti&o U^UftdSfe, 

^ Ltiiittij; ^i^st^, 

nz-tim&\^n, mitMRMmfc&^x&mRmm&J: 

ft^tc^e UTft$^fc^^T*fc-5 0 

[0 3 8 5] ::t, &JR^/^jR^#B-c+5>a»ft 

«BR»a** s »e>tb-6 r <b ^^bfc^x/^^Igl 36C 
50 7acyu*ttfiSrto*^dSA*BI*B^#^i#«w. « 
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(0 C >6) te±&ft£jxZ>Zt\zfj;Z> 0 SWBIprtT 

[0 3 8 6] 0 3 7*3 J; 150 3 8t^ ^It^p^^^/U 
^&SA (p) ^«Ip^t6GMRi7x;U;j6 
IA (GMR) £<£>tk (A (GMR) /A (p) ) <b , 
$&Rft&d c ^^^^^^H^^-To 03 7*3J;U<03 8 

IlMX^o-Ct+^^M^^i:6o 03 8f*Au 

(Ag) /c u#®-c^ffis»^fi^ tB^S e c £ 
m^^^^^^&s^^^mufc^^^T^^o 03 8 

fahftfrZ>£?\Z^ Au (Ag) /Cu#ItH»C 

[0 3 8 7] £x±<dz kfrt>, &mmx*&ttmitMf&-r 
zm&, (i) ? *&&&xz ztzn^^&mm 

x\ (2) ^#Mx*^im^^ti^^v\ 

(i) \^\,^xtem&R&b(Dtemteftfa<>xteb-f. 

5^fi^0JT^6o r^T% (2) ^rSIJSi-r^J:^ 

[0 3 8 8] (2) ^^^r^lo^^^M^L 
kfr¥f\zmmx$>Z> 0 7--/Wi«J;oti#I^^ 

777hffe$:^5i s ll> 0 ±fBLfc (1) 

O^fcHLTf*. 5l#ffli-fc«>lc, flltt 

[0 3 8 9] £x±<Dchfrt>, &mm/&mm&mxm 
tixds MRrsj±® t i>xm&mt&m&te&mm& 
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[0390] $e>i^ SWl^lt^K^^^ 

inMMn\z&rtz#m&mmmmk \^x{tm-rz>) <o 

[0 3 9 1 ] £A±£> 032, HI 3 3*3 £1/0 

«sr*-rs*«Bi (Mtftm^te&KD&mm* a) 

<&MRfa±JB4*«»<D&JRK4 a, 4b^»llt^ 
*><5tM*MR|p]±Jl4 ^ii4 c T«t6 
i:t^»^^Ittl^ 0 1S^:O^M^4a. 4b^ 
<&&S 4 c <a«fi£*mtt, «riEU/t:ffl«-^*-5^-c»« 
t5 0 ailgXMR[6]±l4S:Mtei^ 
ZflhCO o *>®^i£fi^Ml/>^ 1 0D&JR£rMRft±Jl4 

[0 3 9 2] ±SBL^«ffiRlt2a*^«-^<MR^k* 
^^tWtfcS. ^nfiMRf^±g4^^^ilW 

J: ^If-ffi-C^ttife^^ ^->y^l:J: fPlBipttT^fcMR 
aSf(d«or k&X$Z> 0 ZCD£y\z^ *%W<D*\?> 
[0 3 9 3] ft*b\ (e) (0»filtfc*3 

Agl^iilC LtaiCt^^ k\zX-D 

*^^< Bizmirtcftvmf&knwhMz&tezttnx* 
50 -e*>6 0 
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[0 3 9 4] MR<DiHjR*tJw3!l*S:*»-r6MRfiJ±a 

tt»6±fce«Lfc»£> (MRft_kJl4B) |C 

*S»«ttJB6±^W5fiLfc1S*OAJBBl4 a. 4b<D 
SMK^ftJI 4 c^e>*6MR[pJ±S4 B^rgBg-r>5 

t*s-e#S« rttlcJioT* «ttJS2/S»«tt«6fl. 
BtOf >f ^ o ^r - v/ a y *5»iR Stt. ^t'y/^/^l 
8 J: «9-®ft±-rs 0 

[0 3 9 5] ^l:i(Dt°y^t, K&OH£JIJt*'3g«j 

W^fM«^^5»i*-x?J: 9 3ft*ttfc<0fi, MRfp]±S^ 
^^tt)*^i:J:6 f c c&M^fcfSh c p&mm 

[0 3 9 6] lfS^H4a, 4 b 5 
MR|6]±I 4 B ^SSiKftl 6 ±^g21t 5 Au 

Au^Ag*^f)^5S2^41l4b^ 
T a ft Jfa>&fe&fiUMi 7 fcft-f* J: 5 k , 

Au^Ag * ^S«Sg 7 fcttSk LT 
*5**t*«*>6fcae>. Cu/jJ^^f)^5llO#Ii4a 

ttl6±OMRf^±l4Bll 1 <D&mm4 a /$g 2 

£>&Jg)^4 b/H l <7)&MI8l4 a tt>5J;5 ^SK-C 

[0 3 9 7 ] «ra*L*:J:5t-. ^JBW^^aSK^^: 
i^b*5MRfS3ll4Alt C o^C o F e-g^ft^ 
^)Co*8tt»»^P)ft5«8| 1 ^llftaii^UT 
M^rMtSo o£*K CuT»B»iT*lil8iKIl 
<h LTCOC o F e^4*i^BH^/J^t¥5fc 
86s - 1 p pmSrjBx.6ft<0«a^*-5o — A u T 
«AWa-C»«fltJ| 1 fc lt(DC o F e 

[0 3 9 8] Ztll^MLX^ Cu, Au. Ag, Pt, 
Rh. Pd.AKTi.Zr.Hf. Ir frhM&tl 
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4 c^5j*5MRrPj±Jl4Sr. ^aJl 1 t It 
(£>C o F e&&<DTi&b-tZ>Z iCiot, Co^Co 
F e^&ft^OC olKW<^) fee (111) S2rS] 
£*fc±t\ (SK«*r*S»ft»^BBBB. rft*>%d (1 
11)»^BBHS:0. 2 0 5 5 — 0. 2 0 8 5 nmO® 
litS^tmSo 1 OTifii: Lr^MRfS] 

±JI 4 li, fec-d (111) ^o. 2 0 5 8 nmJ; 
Wt^:i^U\ d- (1 1 1) teT-Pi3R!£iI 

70 Au-Cu^I$:ffl^fcI^ ^JH^T'teAu^ 

Cu<0«JlJ«0> ^IfliAuKu 

[0 3 9 9] Au-Cu^A^ft*^ Au 2 5 
Cu 7 5-Au7 5 Cu25 OfSB £ "T 6 ^ £ 

-S^fi. Au-Cu^*»-eSl^idJ:!)*TAu 
U yT-ftttdt* t^b^Au25Cu75-Au9 5 Cu 

[0400] 0 3 2, @33*3J; U<0 3 4 (1, ^S&JI 1 
^ &TW.k Lfc* tTW<^l8 Ido^T^L/c^, #31 
M(irtu{CfiRP>ixS t)^)T1i^< . #JxJ:f04 3^04 
4(^fJ:9^ ^i&il 1 ^±g^r Ufc^^ig^^ f 

[0 4 0 1 ] 04 1 *5 J:t/HJ 4 2 lC7jk-tX \£^/<>Vzfm 

J0 4 /M3j&at£/I 6 /-SftBVJI 2 /#«tt*IBJB 3 

ass i /MRf6]±i 4 /{%mm 7 i>mm £titzmm&& 

ITl^o 0 4 HiMRf^J:l4[^^l4 c^ffil>fc 
«T?*>9. 04 2(iMRr6]±il4iCia^(D^J1^4 a, 

i-, Mi4 a ^#i4 c k&mmm&m^zz 1 t> 

[0 4 0 2] 04 2 K^LfcJ: 5 ^JH^grfS 

MRiRj±jB4^a«fflts:iaffi-rs»'&. 03 9d**Lfc 
ji^^MRr^±ii4 kmm^. «»ji7fly^ficu*^ 

40 ^e>ft5«Bl^AJRBt4 a SrBa«i--5Ct*s»*bi\ 
0 4 2(r^Lfe«5«Jl l«^MRrpJ±»4tt, 
11^184 a/$2(D41l4 h/m 1 ^)Ml4 

[0 4 0 3] K(B«5S^#'&^R3Sfi8ttBl^T»i7>MR 
50 HMRfilllftL^*^ Ta, Ti/^^Oii^J:< 
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[0 4 0 4] &mMj&<DX tr>/</u7jgi8 llM^t, 
JSa/1 1 l:8Lt±E Lfc J: b *MR[p)_bS 4 SrSBgiT 

[0 4 0 5] iSfcLfciKfiflJift^* e'^/^e 

mr fa±m 4 ft<Dm i <D&mm 4 a /$2^ii4 b 

#M^^2(7)^J1^4 (04 2) -CS£f£:j&w£ 

9, LT7FLfc: (e) <Dm&<D 

Cu/Agiiil:i3^T> A glKSffi-CKItSr^CS 

(d) ©iStAuIiKlT a «rfflS-r-5^SSta* 
[0 4 0 6] S*S*^LT^tfc (d) <nmi&X~&, 

oT, Au/TaMllft^TAu/Cu/Ta^^J; 

JI)8l£teffl Ufc»^^flAu«*ffi*rSL-*-r 

ffif^C uiiWitf C o F e A u (D»ffi 
CSAtS^iiaot, AuW^StP^l^Ii 

*^LTa><bAuJ3*ffi«i--5££-c\ ,K&f£yP:£it* 

[0 4 0 7 ] ±aUfe#*S«ffi^*3^T*4, MRft± 
S 4 Sr^aJI 1 6 i:»LtEit5»^i: 

ol^TlftWUfcdK MR[fi]±)|4llMtfH4 3 

[0 4 0 8] 0 4 3 Iw^-f^ ^*3V>T, 
1 tt«^tf N iFeflairCoFellb^: 

ct vm&ztix&v s z.tib<Dm\zm&<o&Rm4 a , 

4 b (0«Ji)B^e>/ J c6MR|6j±B4dS^SixXV^ 0 
NiFellairCoFellbtlt MR[*]±Jl4£ 
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iFella/CoFell b t &m&<VM 

R[S)±l4^ffAt6f^, NiFellatCoFe 
JS 1 b (4-#tioT«8I 1 £ U"C»^ftft*tf*ftfe 
ffl A-T6MRft±Jl4tti«< L**tiXfi*6 
*fc* «ftH#Ji2rtU:MRflj±Jl4*^ft$-li: 

^:ht^, *^»^«{tH*JI 2 ioj^i 

[0 4 0 9] ±34 Lfc#**JRJBO«««tta**^ 

y^y (m ram) *if<o««E«««^affli--srt 

[0 4 10] 13 4 4£;J;tf[Il4 5ii, 

[0411] rttP>O0(r*3l>T, 2 1 fiA 1 2 0 3 | 

^tt^Ai 2 o 3 'TiciSft^iK-efcs, n 

5 #StS2 1 a^SffiilCtt, N i F e Fe 
S i A 1 #M*nC o Z r Nb^ft^ftlM 

S^f)/^T«^ Kg 2 2^J^j«SttTV>-5o 
HW^'>-/uKf2 2±ic|j:, A10 3 *^f<0*«tt 

k , y/^yGMRl2 4^M^tlTt>5o lOXtV 
[0 4 1 2] 0 4 4f£*3^T. * fc 0 >-^/U:/GMRjgi2 

^Tv>-6o :<Dj;^ < (:xey^GMRi24(Oxy 

i^as^^HBOJwtt, -^fr-eft,* t>/</^GMRl 2 4 tc 

r xm$f~zmnirz>s<-( r xm^mm 2 5 &mw 

/</^GMR|2 4 0^ v?gfl£7V<;y hg^tT^ 

[0 4 1 3] -M<r>/<><Txm%-mnm2 5±\z&^ c 

u, Au. Zr. T a — tt<Dm&2 6 jPflg 

^^ttX^^o ^ t , y/N>7 r GMR§2 4 — 

;^GMR|2 4, — S*^^-rr^«#Pn*Dl«2 5*5<t 
tf— *frfl>«ffi2 6fi. GMR»4*?-«2 7Sr««tt 
GMR^^^^-a52 7 fi, ±ai^J:5i:^fc(j) 

[0 4 14] £fc, 0 4 5(Cjot^Tli, ^ f>/</U^G 
5^7 MRK2 4tTflStB*5l^ty^2 3t«)WIC % f«) 
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^/^GMRI2 4<DW$L h 7 V WftmUftftffiM 
J£/££*VT^<5 0 Xt , y/^yGMRl2 4|i, ^GOp] 

[0415] * fy/^GMRg2 4 ±{^11, — $$<D 
Hi2 6^M$^t^-5o * fc:°W</W;/GMRjIl2 4 

4, -#(D^T*8£#ft]*nlIfl2 5ioJ;r;^Hi2 

[04 1 6] 044 *S<£tf0 4 5 d&l^T. GMRS4 

t$tlX\,^Z> 0 £ibJ-> ±flW«^t77 P 2 8±H 
II. T«K*'>-^ K12 2 

6±fla««^— ^ KB 2 9*s*j«S*tXv^S 0 c*tfe# 

[0 4 17] -y Kir LXIIM^^ K3 1(1. 

->-^KlGMR^y K3 0±l:«aSiiti^o »R 
««^yK3KOT«E»8St, iflaa^-^ KB 
2 9 i:*ii^8SttJi^«t 9»*$tfC^5 0 
GMR^y K3 0 ^)lfl««^-/U Ki 2 9 tt, ffilKtt 

*t^y K3 i <0T«e«*«*#Jta-o*6„ c^±«as 

/u KJl*lfc*a*T«fEft««2 9±fcf*. A 1 O 

£Q'fk%maz. T«iiE*«ffi 2 9 1 ±«fE»«« 3 3 

[0418] ±JfiUfcW*-^jx Kir LTO->-;i/ KSG 
MR^jyK3 0 irfE^—s/ Ki: ItilSS^y K3 1 

l-M^6o 04 6i;^«^y K/yty^y 6 

-A6 1 CO— *{wfii^^-<^i/3 >6 2 j&S»»t$*bT^ 

[0 4 19] ^X^^i/ 3 >6 2 05fe«(rji. ±i£Lfc 
HJ6«ffioftl¥^«ia!«ft^s/ K**«-r-5 — y K*9 
-f ^6 3*sBiUf+Jte>tt-Ct^-5o a >6 2fi 

U - KM 6 4 fc^-y K^7^^6 3f£&4ti&$ 
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ftfc»W#«§8««^3> K<D#««*#W*ttfc*tt£ 
[0 4 2 0] :wi548«^yK7yty^!l60 

[0 4 2 1 ] BSSCv'-f X? 5 1 fl* fy h>5 2 

(H^^ri*) KJ; !J[eHE-r5o 5/K 
7yty^JJ6 0lt t^^yi/g ^6 2 
f+ft&Jtfc'— > K*9^f ^6 3^ x 5 1± 

e>ntP5 0 sssct^ 5 1 #0te*r<5 £s k* 
^^^6 3<nmftttfam (absi iii^t^^ 5 1 

<Dm&frt>ffife<D&±m (0J£Jt± 1 0 0 nmJ^T) &h 
[0 4 2 2] m%L~* y KT y^l^^f V 6 OtDT^f^x 
-f/l^-* 5 3 lZ&ffi£tlX\,>Z> 0 ^^n^/R^ 

^ [0423] fc*3 % «±^nit?KiB-efi»s»ais«« 

KSrffl^tttWtfci s > Bft^jy KirSfl^y KT* 
fifetf)^ KWag^^M^BSafittaAlR^Sriiffli-S 

Kfc«e>-«\ «ft«»ta*y^y (mra 

(SWfiWl) roHJfcflll "CI*. Ta (5nm) / A u 
*0 (lnm) /Cu (lnm) /CoFe (4nm) /C 
u (2. 5nm)/CoFe (2. 5 n m) / I r M n 

(7nm) /Ta ( 5 n m) »jfCD* 
DCt^hny^/>'^l:J;^lilf: 0 M^fOS 
^Sfl 1X1 0" 7 T o f f £ATT\ 7/^yElj;2- 1 
OmTof fiU. StettfRRIti^y a>-«4g*ffl^ 

[0 4 2 4] ±El/c:^t 0 y/<;Pyi(j:, as-dep 
5^ ot^^(DMR^>fb^^9. 6%T% 2 5 0tX4H0)7 P 
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n1?*T~-/l' (T^ — 2 5 0 e CX4H. 8£# 
5kO e ) 8l:*3^tfcMRj5fk*li9. 0%**6«PL 

[0 4 2 5] MRlpJilliAu/Cuailf 
£>9, Au tCu^Mtt^tMUti^o Cu£ 
CoFe^#il»MMti)6, TaiAuttl 
St6#ST*$)6^, Au/Cu*S«^-R*trit-<T + 

T^TtBiil/S f c cii|(OAu/CuTilW«l 
XKl iot, CoFellf cc (111) gEft Ltl/^ 
^(H, CoFeOd (111) ?<DJZ% £tt 

0. 2 0 7 4 nmfcBISWfc VJ^ttfBfcMWSftTV* 

[0 4 2 6] ^^HlfiWl^^trw</U^lBI*»rffiTE 
Mt-ct D«SU fl Au/CuTiRCo 
Fe/Cu/CoFe ^GMRi*^^y M»#J&* 1JS 
T-STo^ttl>^S«J^SLX*5?), fee (111) 

C o F e M%ft<D-*<<< # >( 7 7 ? is n ^X*n, f c 
c - d (111) ^^—>>V<D^ £{20. 2 0 7 4 
n m £ 11^(1 #ig tim^ ft o T ^ fc 0 §e>lw N r<7) 

lelSfT^C o F e <D f c c - d (111) *^<— 
#0. 2 0 7 4 nmt^:^W, 

[0 4 2 7 ] ^io, I§I4 ScDXRD^n^r-f /W£*3I^ 
t x ^1, 2, 3 12 1 r Mn ICfe^-TS fc*— ^ ~C£> 

19. ^ 4f2C o F e/C u/C o F efli^ f c 

c (111) \?-# ki$7Lbfr. mmm<o^(Dd-^-< 

[0 4 2 8] lilttAu (lnm) /C u (lnm) 
T»Kft;tT. Cu (2nm) t^if^^tCoF 
e(0f cc-d (111) — v'V^fSO. 2 0 5 4 

nmi^S<4 9, < ft 5 Q — A 

u (2nm) ^Mtffl^^KoFeOf cc-d 

(111) v-^^mo. 2 0 8 6 nmW^</i 

19, K^ttjEfllK** < fc£ 0 :^)J:9l:Au/CuT 

i^ffll^^<biaoT x ttfcTffigfcO. 2 0 7 4 n 
[0 4 2 9] fc*3, Lfc (g) (Dmf&VC 

<*9, I rMnt(D|HSTO»^i^*#<45 
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£>5 C J:oT> n I r M n <Z>!Rffj&Sff IMS ifH 

S^&^o Au/CuT«Wl r M n (50 

ft^BBHfcifi^fcfc* t(0±|I«ISfl5CoFe/C 
u/CoFe^ffil:i rMnfciS^ft^JtK^S^te^ 

e>-e*>So (h) (dm^auTW 

70 ©-g^i*. asm^nwdsis-r^, coFe/cu/c 

o F e <D&fr^* — fft, 5S?^#ffi 

M^i:tt^5 0 Aul^CoFel^ggai 
t5t, Aui^iBl3K#I^D v ot*iitttrai^Cu 

5c rnii^»«i^str< €>o Au 
/c u»j§ im id -r a- ^iaot, cui^Auffi*^ 

20 [0 4 3 0] Tifii: Lt©T a I4A u 

7^A1 2 O3 JilCi^/SflgLfc^idfi, AutfTJ 

r, W x Hf, Nb N t> U< teCtHbSr^irg^ dtt 

^ [0 4 3 1 ] fle*8*<o«j£ ( f ) <DJ; 5 

Id, Au^Tffii^ UX^ff2 2 0 nmhnm&m^^te 

t^±I^R$tiSCu/C o F elBI^#ffit>¥«fc>i 
£ e 3 5 ort^Biffi^SRaaSr-t-s^St* 

i/\ *iBftcofi2 7 0 < Cx4HSff^fR«ia4:fT5 C t 

40 fiftAu«j&s»e>iX'5o 

[0 4 3 2] ^/c, «i4TlltltTi (5n 

m) x Zr (5nm) , W ( 5 n m) > Cr (5n 

m) . V (5nm) , Nb ( 5 n m) > Mo (5n 

m) . Hf (5nm) , 13 £Xf Ztlh <7)&& ( 5 n m) 

\Z S MRfS)±I^LTAu (0. 5~2nm) /Cu 
(0. 5~2nm) , Au (0. 3~lnm) /Cu 
(0. 3~lnm) /Au (0. 3~lnm) /C u 
(0. 3~lnm) , AuCu (0. 5 ~ 5 n m) /C 
50 u (0. 5-2 nm) 5rffl V^fe#^{C*3^^•C t , R]«tt 
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[0 4 3 3] Z<OX5\Z % MR|pJ±Bfi2«a>fe«j5fcS 

T'fcSiir^lK b*>U Tti&t Uf c c SBfp] 

[0 4 3 4] ±|BO A u - C u <aifa^^:b^^ttO|9J§ 

£#ClfS, Ru-Cu, Au-Cu, Pt-C 
Us Rh-Cu, Pd-Cu N Ir— Cu, Ag-P 
t, A g — P d x Ag— Au, Au — Pt, Au — P 
d, Au-A 1 &2f**ytf fc;ft,5 0 Cfrfc^ffi^fcHi: 

c o»«tt«Jc»-r-5MRrp)±JB<o*7EiR»ic 

u, Au, A g <7)^-ftt?5^-C$>5o 
[0 4 3 5] B*«|:Hltli, Au-Cu(Oi^i 

±^IST-$>oXt»b4^ 0 WfflcBBbTfcfilry^A 

si^n h-^/ummx2- 3 nmgn^a* bi\ 

[0 4 3 6 ] Co^(D^^i:Wll^^^, 
St6S^b^Au-Cu, Ag-Pt, Au-P 

d, Au-Ag, p t -c ute¥&¥f\zm& bi\ :o 

&mftttmw7££tiz>o 30 
[0437] ±&<Dmmm&c u%<ot # t^< mm 

<£>«JIJg, ^fcfiMRf^iBo^^^com^'&^^r^ b 
T, Au-Pt, Au-Pd, Au-Ag, Au-A 
1 , A g - P t , A g - P d , R u R h , Ru-I 

<oo%. n i &m&mtzm'tz>wv>MRfa±m<D£.7Lm 

fi, Au, Ag, Ru^^-rtt^T-fc-So JH*/S, 181* 

[0 4 3 8] £ibt£, MRf^±l^Mf5 2o(7)5Ei 40 

*.tfflM4Ji*SC o*««:Ji fcfi, Cu-Ru, c 
u-Ag^ilIffcott)«b/il> 0 £*be>tf>#e« 

^e^N i %km&m<vm&<o 

Mr&Mt It, N i F e , Ni f c C r , NiFeN 
b, N i F e R htfiZ&mtf btlZo 
[0 4 3 9] IfctVlMat, ZZVamtiLfrR 
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\t\ 9i*.ltV>mtotiLb IT, C o F e 2 , 5 n m/ I 
rMn7nmOftxt, CoFe3nm/RuO. 9n 
m/ CoFe3nm/IrMn7nm, CoFe3nm 
/C r 0 . 9 n m/C o F e 3 n m/ I r M n 7 n m<C 

[0 4 4 0] R»KttJBl±, P t M n , N i M n , Ru 
RhMn, CrMn, FeMn, N i O * ¥(DWftX* fc 
t°y@W(SHiCott,NiFer't)ib4 

[0 4 4 1 ] ±«Ebfc#*ttT»JBttT a ftc^&JRjgi 

t>, K«ica»*a**5#?>*Lfc 0 mri^ji 

UTaO x T*B±l:i*CoFefe*«t5if 

cc (i 1 1) Eipjuft^ofco. ^yta^wtca^b 

cc-d (111) *^-i/^te#<b*L#l\ r 
tH:»LTTaO x /Au/CuT*liIMi:I^6 
t)^tfc6o T a O x HftitT i , Z r , C r , W, 

Hf, Nb/^^Mffli^r^^-e§5c 

T i N, TaN^)J;5^IM^t^:nt^5c 
(Htt«2) C^HliB«(2m Ta (5nm) / A u 
(lnm) /Cu (lnm) /C o F e (4nm) /C 

u (2. 5nm)/CoFe (2. 5 n m) / I r M n 
(7nm) /Au (0. 5 n m) /Cu (0. 5 n m) 

/Ta (5nm) fcT^^/P^lRSr, HS«U 

[0 4 4 2] ±g(DMRf6]±l^ bT<7)A u/C ufg 
JK<0*&^5£gcf±, C o F e /C u /C o F e «Jf |g£ <£> 
^F-^J:*) I rMnfcfit^ I rMn±I^Au/C 
ufllSeMt^^^aot, I r MnW^a 

zzttf-ezZo AuJi*«siJ«^Taii[TJ-ia«i-'5 
fc, AuO^^jJil^/^-^J^/j:!^, T a O 

l£#6tf)T% Au^TalI-fiiUt<> g£>t»3c 
^tt^*Mt-T5o XoX. TalTI:ttAu^Agiif 

(H«fi«3) r<0|Mfi«3-Ctt. Ta (5nm) /Ni 
CoFe (5nm) / A u (lnm) /C u (lnm) 
/CoFe (3nm) /C u (2. 5 n m) /CoFe 

(2. 5nm) /I rMn ( 7 n m) /Ta ( 5 n m) 

tzo :(0^fy/^li:^^t, «i8i(4Au/Cu 

R^ftSilfcNi CoFe (5nm) ^CoFe (3 
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nm) b<DmMB:X*foZ> 0 

[0 4 4 3] It, T a (5 

nm)/NiCoFe (5nm)/CoFe ( 3 n m) 
/Cu (2. 5nm)/CoFe (2. 5 n m) / I r 
Mn (7nm) /T a (5nm) *fli£<£> * tT W^^IK 

[0 4 4 4] ittfc#|GQ* t°y/<;V^IH, a s - b e p 
o X'MKmt^S . 6 %X:£>ofct>£>^ 2 5 0tX4 

tt2 3%Ktit Lfc 0 :*lliCoFel:NiFeCr^ 
B»»-e*>6fc«>, a s-bepoSBtliSliifCo 
F e /N i F e C r Mt^VyWlIMRtft* 
^-et^S. L**U 2 5 0 < Cx4HgS<D7^-^ 
fT5£, CoFe/NiFeCrMW4l:antl 
^5 0 ^iifl^iry HbOfc«)l:N i F e HC r 4:4% 
SS»ttN i F e C r X^SSffc^ x N i 81 F e 19 
(JB-T-%) X?fcHg«X?*>*o 

[0 4 4 5] — H56^3 60J: 5i:Au/CuSll 

Ai" 5 £ £ IC <fc 9 . CoFei^NiFeCrli: 
(Dt&m&VbZ-btlZtztb, MRWHa s - d e p o 
I£PgX*8. 7 0 /oX*£>o/c^<7)#, 2 5 0tX4H^)/n 
1r*T = -/Mft-Cfc 8. l%tMR^St<JU^?) 
^fc 0 rttfiAu/C u» AfcJ:*l£»BSlh<&8!i*£ U 
-X, C o F efi:a)SffiSlta*^7 = -^SX-t«fe 

[0446] Au (lnm) /C u (lnm) Clftx. 
X\ Au (0. 5nm) /C u (0. 5 n m) > Cu 

(0. 5nm) /Au (0. 5 n m) , Au (0. 3n 
m) /Cu (0. 3nm) /A u (0. 3 n m) . Au 

(0. 3nm) /Cu (0. 3 n m) / A u (0. 3n 
m) /Cu (0. 3nm) „ AuCu (0. 5 n m) / 
Cu (0. 5nm) s AuCu (lnm) /Cu (0. 
5 n m) , Ag (0. 5 n m) /C u (0. 5nm) s 
Cu (0. 5nm) /Ag (0. 5 n m) . Ag (0. 
3nm) /Cu (0. 3 n m) / A g (0. 3 n m) > 
Ag (0. 3nm) /Cu (0. 3 n m) / A g (0. 
3nm) /Cu (0. 3 n m) > Pt (0. 5 n m) / 
Cu (0. 5nm) . Cu (0. 5 n m) /Pt (0. 
5nm) „ Pt (0. 5nm) /Cu (0. 5nm) . 
Pt (0. 5nm) > Pt (0. 5 n m) /Cu (0. 
5nm) /Pt (0. 5nm) /Cu (0. 5 n m) . 
AuCu (0. 5 — 1. 5nm) ft 

ra«ft»**s»6^, 

[0 4 4 7] ft*3, m2<Dm&mt LtN i FeCr^ 
ffll^a*tt£JLT^fflt)-C*>5 0 NiFeCCrWD 

n i t f e <Dfrmtemm<Di?um&mf8.x-hz>. n 

i : F e = 8 1 : 1 9 X 9 V>LN i ]) yf|:t6: t 
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Xtt. Ni 81 Fe 15 Cr 4 (OJB^ffSX-fcSo -ttJ^ 
^i-v Ni 8 oFe 2 Os NiFeNb, N i F e R h ft ^ 

dM60»4) Z<Dmmm4X*a. Ta (5nm) /Au 
(lnm) /Cu (lnm) / IrMn (7nm) /C 

oFe (2. 5nm) /C u (2. 5 n m) /C o F e 
(4nm) /C u (0. 5 n m) /A u (0. 5 n m) 

/Cu (0. 5nm) /T a (5nm) mfetDX 

io f\>-?m*. iiifiwi tra*iwUTfp»bfc. 

[0 4 4 8] coiitt«i4fitt^B*a^^sttt4>n* 

XfcSo ±i^)Cu/Au/CulHMRf6]±)iXfc 
!K HUMS* MR*it;**lpJ±S*T^So Tffl^Au 
/CulHI rMn<DTi&HIt-ftoTl>£<hl^0ft;i, I 

£>5 0 i^l^a s - d e p o WMRMftil 0% 
X\ 2 5 0tX4H^7^-/Ut^MRtt^9. 5 
%X?*>ofc 0 Cu/AuMliAuCu^^MLt 

[0 4 4 9] ££>IM60!I4 <£>±<|iJ<£>T a fi{JMSJRX?*> 

lr\ ^^)*16W4X-liCu/Au/Cul^MRf6j±I 
Xr£><5<£>X\ C o F e/ C u^ffiioit/C u/A u #Hn 

£>6 0 Ccoj^lc, ^fS^lX^l^ (e) ^ 

(d) (Dmi&tteWbfrizgtiizh&x-frZo §e>t-. 

S»<^C uf^rCoF e/Au^^tCjf ALT^fc 
a?), AucD^a**^ii (Cu) ^<&«#Wfti£m*«l 
30 xS^Btt^ "£7x/l/>Sg»^^lXAu 

[0 4 5 0] ±#J(7)MRfp]±li ttTWAu (lnm) 
/Cu (lnm) (Iftit, Au (0. 5 — 3 n m) / 
Cu (0. 5 — 3nm) . Cu (0. 5 — 3nm) /A 
u (0. 5 — 3nm) /C u (0. 5 n m) , AuCu 
(0. 5-3nm) /C u (0. 5 ~ 3 n m) , Cu 
(0. 5-~3nm) /AuCu (0. 5 ~ 3 n m) /C 
u (0. 5~3nm) , Ag (0. 5 — 3 n m) /C u 
40 (0. 5~-3nm) , Cu (0. 5~3nm) /A g 
(0. 5~3nm) /Cu (0. 5~3nm) . Pt 
(0. 5~3nm) /Cu (0. 5— 3 n m) N Cu 
(0. 5~3nm) /Pt (0. 5 — 3 n m) /C u 
(0. 5~3nm) N PtCu (0. 5 — 3 n m) /C 
u (0. 5~3nm) s Cu (0. 5 ~ 3 n m) /Pt 
Cu (0. 5—3 nm) /Cu (0. 5 — 3 n m) ft£* 

[0451] m<DW&\ci\,^xnmMMi <om& 

50 SixSMRfpj±a«v/- KJ»*ttjfc»i: $*xftt>fc£>. 
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£ # <d ^ h #«EJS*tf>SJK*te*lft« l <£> k # t W 
•ttfcft, 5nmaT*a*U\ 

[0 4 5 2] R3S«ttJR^)T«6J-*>5MRrp]±««, R 
»Ktt«^*^MRIISra«*«^LT, tVC o F e fc 

>y*tom-fZ>k k SHiSS1»lie^«f NIH«r 

Al-Cu, Pt-Cu, Rh-Cu, P 
d-Cu, Ir-Cu, Ag-Pt, Ag-Pd, Ag 
-Au, Au — Pt x Au-Pd, A u — A 1 N R u - 
Rh, R u — I r x R u — P t , R u — C u , Ag— A 

u<om^t>^(Dmmm. &&mtza&Mk\.xmfh 
[0 4 5 3i ®*<Dfc&m&mizLmvtiMRfa±mk l 

Tte, Cu, Au, Ag, Pt, Rh, Ru, Pd, A 
1 x Ti, Zr, H f 7^<biltf*L5 2-0<D%m<Dffim 

:bftl/\ — UTa5n m/A u C u 2 n m/ I r 
Mn7nm/CoFe3n m/R u 0 . 9 n m/C o F 
e3nm/Cu3n m/C oFelnm/NiFe5n 
m/ T a 5 nm^^^^5 0 
[0 4 5 4] T a^jSlwft^T, T i , Z r , 

Cr, W, H f\ N b Ji^Srffl^fcS^Co^rfclf « 

C<OHJ6«5-Ctt, Ta (5nm) /Au 
Cu (2nm) / I r Mn (7nm) /CoFe (2. 
5nm) /AuCu (2. 5 n m) /CoFe (4n 
m) /AuCu (2nm) XT a (5nm) Si£<DR(s 

--e, T«i©coFeS mitmmm) t±m<DCoF 
em (m&m) t (Dmizmm^titcA u c uSf* N 

[0 4 5 5] Rte«3S^^ tT W</U^BlT?fl. C u ft ^ 
^fcftS*«tt*IB«±^»^S*L-5«««^ f c c - 
d (111) dS/h*<ft9. < ftoTL* 

J1T?*>6 t IP]l*fCMR|pJ±«-C*>-5 A u C u^^HJi(C 
C o F eMi^ilMt^r tHioT, CoFe 
^fi£Jl<£> fcc-d (111) v^^&igfiftffi 

[0 4 5 6 ] ^C^>T% AuCu^^i^Httl 1 
MJi-Ctt, c o F e ■ i: (OiUBta)^ fyftff c 
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tffCu (0. 8nm) /A u C u (0. 8nm) /C 
u (0. 8nm) <l:^Mt6r t 

^k&X**Z> Q 

[0457] z<d± 5te#m&tpfflm-?3bz>kmmzM 

±m&tiim Istcfflk UTfl, Ta (5nm) / A u C u 
(2nm) /I rMn (7nm) / C o F e StfbStfJi 
(2. 5 nm) /Au C u ^g*MR ft ±J1 

(2. 5nm) /CoFelgli (3nm) /C u 
(2. 5nm) /CoFeWMfl (2. 5 n m) / 
I rMn (7nm) /T a ( 5 n m) P^^lf <b ft 

Zfem l,timk LXfi, Ta (5nm) / A u C u (2 
nm) /CoFe (4nm) /Cu (0. 8 n m) /A 
^0 uCu (0. 8nm) /Cu (0. 8 n m) /CoFe 
(2. 5nm) / I rMn ( 7 n m) /T a ( 5 n m) 
Sligas^jf t > ft-5 0 

[0 4 5 8] ft*5, &mmm<nx e^^/^m&xxfiv* 

aT/Ux U> ^ h #4 7<D* \?l"</U7Jgtfc&^X I r 
Mn ft <!f<7)R:3&$£t±j®<£>Ti&£ Ltfflt^fcA u C u M<D 
3a^ft<if(-ct Y> x CoFejtBBOf cc-d (11 
1) ^^-^>^dS+^tC«J«Six-C^tttf. #E£t£* 
BBW^fi-jttWftc uJIft ^ttffltSi: kfrX* 5 C 
[0 4 5 9] R^tftitO* ev^/^Ifc Xrj^^T/U 

SO V h *>f ^cox IT 

fl, Ta (5nm) / Au ( 1 n m) /Cu ( 1 n m) 
/I rMn (7nm) /CoFe (2. 5 n m) /R u 

(0. 9 n m) /CoFe ( 3 n m) /Cu ( 3 n m) 
/CoFe (4nm) /T a (5nm) x Ta (5n 
m)/Au (lnm)/Cu (lnm) I rMn (7n 
m) /CoFe (2. 5 n m) /Cu ( 3 n m) /Co 
Fe (4nm) /T a ( 5 n m) x Ta (5nm) /A 
u (lnm) / C u (lnm) / I rMn (7nm) / 
CoFe (2. 5nm) /R u (0. 9 n m) /CoF 

40 e (3nm) /Cu (3nm) /CoFe ( 2 n m) / 
NiFe (2nm) /T a ( 5 n m) . Ta ( 5 n m) 
/A u (lnm) /Cu (lnm) / I rMn (7n 
m) /CoFe (2. 5 n m) /Cu ( 3 n m) /Co 
Fe (2nm)/NiFe (2nm)/Ta (5n 
m) x Ta (5nm) /A u (lnm) /Cu (In 
m) /\ rMn ( 7 n m) /CoFe ( 3 n m) /Cu 
(3nm) /CoFe (3nm) /Cu ( 2 n m) /C 
oFe (3nm) / \ rMn (7nm) /Ta (5n 
m) , Ta (5nm) /Au (lnm) /C u (In 

50 m)/IrMn (7nm)/CoFe (3nm)/Cu 
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(3nm) /CoFe (lnm) /N i F e (2nm) 
/C o F e (lnm) /C u (3nm) /CoFe (3 
nm) /I rMn (7nm) /T a ( 5 n m) x Ta 

(5nm) /Au (lnm) /C u (1 n m) / I r M 
n (7nm)/CoFe (2. 5nm) /R u (0. 9 
nm) /CoFe (3nm) /Cu ( 3 n m) /C o F 
e (3nm) /Cu ( 3 n m) /CoFe (3nm) / 
Ru (0. 9nm)/CoFe (2. 5nm)/IrM 
n (7nm) /T a ( 5 n m) % Ta ( 5 n m) / A u 

(lnm) /Cu (lnm) / I rMn ( 7 nm) /C 
oFe (2. 5nm) /R u (0. 9 n m) /CoFe 

(3 n m) /Cu ( 3 nm) /CoFe (lnm) / N 
iFe (2 nm) /CoFe (lnm) /Cu (3n 
m) /CoFe ( 3 n m) /R u (0. 9 n m) /Co 
Fe (2. 5nm)/IrMn (7nm)/Ta (5 n 
m) t£Z»mfhtl& 9 _t!ELfcAu/C uT*l-ftt 

[0 4 6 0] m<Dffim:Wt LTIi, SS/Ta(5nm)/IrMn 
(7nm) /CoFe (2. 5nm) /Ru (0. 9nm) /CoFe (3nm) /Cu (3nm) /CoFe 
(2. 5nm) /M R ffi) ± JI /CoFe (2. 5nm) /Cu (3nm) /CoFe (3nm) /R 
u(0. 9nm) /CoFe (2. 5nm) /IrMn(7nm) /Ta(5nm) fcmtfbth 
5 0 :^MX'liC o F e /MRWi/C o F e ^7 

[0 4 6 1 ] ±asufc«-HftW"CttS»«ttKlJ: 

IrMntttfflUflM^TRMLfci^ NiMn, 
PtMn, PdPtMn, RuRhMn. CrMn, N 

[0 4 6 2] ±3fi<oJ:5Jw«<bH»»^«*tf 
CoFe/Ru/CoFe/I rMn, <D X 5 &K3ftSfc 
tt^S/^y^>/ (Ru^Lf:CoFe^±«l4 

[0 4 6 3] ^(Di^, *IHJl&*38WOMR[p]±Ji£ 
n^^itlS, WtfiCoFe (2. 5nm) /A 
uCu (lnm) /CoFe (2nm) / I rMn (^ 
aHI^S/^yy^) , IrMn/CoFe (2nm) 
/A u C u (in m) /CoFe (2n m) (j^5^^ti 
^S/^y ttifTfcD, ^fcCoFe (lnm) / 

AuCu (0. 5nm)/CoFe ( 2 n m) / I r M 
n (7nm) <D£?\Z* SKtt* y y^jrlfflfS 

c<t^r-#5 0 Wb@*iio+PBi^gas$tt^AuCu 

SrfpJ±S*5t>co-Cfe5p ^Oj: 5 *#-&tf>MRf$j±Jl 
^MffttO. 5 — 2 nmCD|5Hfc-t"^C u^o 
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fl»jg*limi-5fc#<a^&£ Ltt, Au/Cufcif 
^aJBBt^^B^feft6MRlRl±Sfi«"a'T?*>-5. -t 
0-«tlt, Mft^y^Vlfi/Ta (5nm)/ 
Au (lnm) /Cu (lnm) /CoFe (3nm) 
/Cu (3nm) /CoFe (2nm) / I rMn (7 
nm) /Ta ( 5 n m) <0*fjt&, iiTEM^f^7 
>3 >VN e * — X^J; 9f¥«Lfc 0 4 Z7 y # \s -a 1/ 

a yet t\i 

[0 4 6 4] 7^77^'>3W^-^^ l^m£A 

*>ofc 0 T aTi, «»W*Bfe< tettKtt f c c (11 
1) IBftLT^So EIJr^^-x-CI'^^fe^SR^ 
*=F»*-5^fc^*y M^ILX-fcio w*U*> IrMn£ 
20 CoFe/Cu/CoFeK'llf cc (111) 

*»l:|^ftf cc (1 1 1) E^^T^Xi^rt 

[0 4 6 5] ^O.t 5**feft^ift^»ifttt x MR^>fb 
*0 ifeSLoiSHir^^^Sa^^ij^ ^^#ftuft< &£<7> 

C(0±5**»«l::ie^«Jfi*:. flMMfc;^ y = T-e 

A 1 T i Clfi±W7 : t;l'77^A 1 O x l±^ ^<D 
40 [0 4 6 6] r^IlWCfclt^AuOTi^TaM 

<b*Lfct\, T a SXft<DttPtt T i , W, Zr. 

Mo. Hf^il^^MMl^:^^ 
<5o Ta/Au/CuT«8^l:ii, TairAuH 

so z>zt&mf&&iz±\,ymm&R&'t 0 
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[0 4 6 7] Ta/Au/Cu(^)J;5^TlSli 

(5nm) /Cu (2nm) /CoFe (4nm) /C 
u (3nm) /CoFe (2nm) / I rMn (7n 
m) /Ta (5nm) (OiJCx »K4Ta/Cu7* 

[0 4 6 8] ftff fc*«i-Sfl&<D»i6i: LTte. 
1 * 8tti*sCo*^»^ A 1 - 

Cu, Pt— Cu. Rh-Cu, Pd— Cu, Ir— C 
u, Ag-Pt, Ag-Pd, Ag-Au, Au-P 
t. Au-Pd. Au -A 1 <OWIK£ft:tt<frftK*** 

<£>IIS<£>$&-£\ Au-Pt. Au-Pd, Au~Ag. A 
u-AK A g — P t . Ag-Pd, R u — R h . Ru 

- i r , r u - p t com^t>^t<Dmmm. ^ak* * 

Au — Cu, Ag — Pt. Au — Pd. Au-Ag, P 

t>, Ru-Cu, Ag-Cu^i^M^Moai 

[0 4 6 9] i^)ii|^Lt x Ta/Cu/Au/Cu 
TUfex Ta/Pt/CuTi&x Ta/Cu/PtTi, 
Ta/Rh/Cum Ta/Cu/Rhm TA/ 
Pd/CuTl, Ta/Cu/PdTl*^lff)*l 

6 0 z.tib(DWfrx*T atek'<D/<>y7 7m±v>mm\E\m 

Zm^lsXi* £l/> 0 l£fc. T a OftfrD l£T i , W, Z 
r. Mo. Ht**tlh&&t*&&teZ&m^ZZ.k& 

-r#*5<b f c c^i/- KJI£ tt^M^itvtt* e> 

t a *ir^Tifi^y ^rJisrBfev^fcTJa^— pm<omm 

li2-5nmiI^U\ fcfcfU SS*D5rilR* iTJC 

[0 4 7 0] £fc. ±fBO«t 5 S f c c 

ifbtiZo Cu^ftfetllcNi to^-C^B 

t£0 f c c£^<t IT, P t N i (P t 2 6 a t % 

J:HPtyyf^ff*U>) . RhNi^l PdN 
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SS*D*Sff* Ll^) I r N i ( I r 1 2 a t %X *) fc 

I r y s/^5»tt^) *^*S*«f?>tt6o -iX^O^ 

AO»^l:tT a s<*y7 7<DjXt><9 l:T i , W, Zr. 

Mo. Hf^tl^^^M^^it^r^^T^ 
5 0 Sfc. f c cMjgWKSfi±!E^ail(Ol'&^ 

[0 4 7 1 ] ±asbfcj; 5ft»*©*#«4: LTIi> T 
a (5nm) /Pt ( 1 n m) /C u ( 1 n m) /Co 
70 Fe (2 — 8 nm) /Cu (3nm) /CoFe (2. 
5nm) / I rMn (7nm) /Ta (5nm) , Ta 

(5nm) /PtCu (2nm) /CoFe (2^8n 
m) /Cu (3nm) /CoFe (2. 5nm) / I r 
Mn (7nm) /T a (5nm) . Ta ( 5 n m) /A 
u (Inm) /Cu (lnm) / I rMn (7nm) / 
CoFe (3nm) /Ru (lnm) /CoFe (3n 
m) /Cu (3nm) /CoFe (lnm) /NiFe 

(5nm) /T a (5nm) . Ta ( 5 n m) /Au 

(lnm) /Cu (lnm) / I rMn (7nm) /C 
^ oFe (2. 5nm) /Cu (3nm) /CoFe (1 
nm) /NiFe ( 5 n m) /T a (5nm) , Ta 

(5 nm) /Au (lnm) /Cu (lnm) / I rM 
n (7nm) /CoFe ( 3 n m) /R u (lnm) / 
CoFe (3nm) /C u ( 3 n m) /CoFe (4n 
m) /Ta (5nm) . Ta (5nm) /A u (In 
m) /Cu (lnm) / I rMn (7nm) /CoFe 

(3nm) /R u (lnm) /CoFe (3nm) /C 
u (3nm) /CoFe (4nm) /C u ( 3 n m) / 
CoFe (3nm) /Ru (lnm) /CoFe (3n 
50 m) /I rMn ( 7 n m) /T a (5nm) . Ta (5 
nm) /AuCu (2nm) /I rMn ( 7 n m) /C 
oFe (3nm) /Ru (lnm) /CoFe (3n 
m) /Cu (3nm) /CoFe (4nm) /C u (3 
nm) /CoFe (3nm) /Ru (lnm) /C o F 
e (3nm) / I rMn (7nm) /Ta (5nm) ft 

Co £^ifjg£, Ni^W^)J:^iH4l7l^ # 

i^TMRftJiii 7 3 £rgBB£ii:5o *#W*W»<&#;t 

[0 4 7 2 ] £A_h, Aft:fi?H^#^ loo^PJ^i l - 
^7^mS<7)^ffi(CO^Tffel^Ufc 0 L**U #3891 

[0 4 7 3 ] maa. ms 0—05 2*1, *»w<os e> 

[0 4 7 4] -T HI 5 0(1, AB S (mT • -<T 

50 y>^-ir-^^-^) frb&tc* K 9 ^s</u7m*%<D 
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[0 4 7 5] T/U^ y ?m&l OCTi/-^Kl 1 (N 
iFe, Col7^/U7r^^M, FeAlSi^ 
&t£t\ :0. 5 — 3^ m, NiF e ^F e A 1 S 

*«/*U *tf>±fc;* t°^/</u^^T- 1 3 SrJg^-r-So 
^t°>y</u^^^i 3tt^tr^/</W^Dtl 4 
^7^11 5fc>J:tf-*j-cDmtil 6^P>MJiie 0 

V^^/&£*l6 0 -Tftfc^ Ta, Nb, Zr. Hf 
**>#«ttT*Ji 1 4 1 (ff ^ :l-10nm),M 
|:)5CTRu^N i F e C r ft if £>SI 2 £>Ti&Ji 14 2 
: 0 . 5 <- 5 n m) , K&M&m 14 3, &fl£tt 

ji/iKftte^a/MattJid^fts^^^y^ t°w§ 

14 4, *8ft^-tl4 5, 7y-J|146, ill 
^eiil4 7, MI:«i:T«14 8 (0. 5- 

lOnm) fabm&ZtlZa ^^ICl^t'^Bn 
ft if) , ±v— /UK18 (N i 
Fe, 0 0 17^7 7^^11^ FeAlSi^ 
t£h\ m&: 0. 5-3/im ) frMf&£tlZ> 0 EI^U 

fcTW^/U:/*^ 1 3 IS, ^ tfV^/U^IBtl 40h77^ 

(BiHIHBS:l»*LT*r. fclK'M T*J1 1 5***L*:v^ 
b»57/<y h^t^^->3 v^>f ^<oiR^»jg^e>ft 

6 0 r^H 1 5 (C r , F e C o 

ftif<OT«^±{-»fi8:bfcC o P t o P t C r ft 
if) BfctMi«l«ttBl 5 l £K3ft««=Btl 5 2Sr«#c8f 

K»*tt*i s 2Mu*nattii 5 i *f&m 

J¥lfc, Ms*t (i^^T*) /Ms*t (7y-) ^7 

a* l< ^seat^n^-t^. aiflsesiJiau. 

SnmlJ^T 5nmTJ£AT) K*-0»< 

ft£ir, Ms*t (i/M7^) /Ms*t (7II-) 
£5«ri»JEi-£fc«>l;:, «t^M7^»lKttItMl:i 

<ft5 (««J«ffJfc^2 5 nmT£AT) o 
[0 4 7 6] -m^. iRVttttR-c»KJV^ff< ft£i: 

^Kf^r^JB-Ctt»«ttBli 5 1 *sft< ft6ts 

if as » >r r * a # # ia * u x m m & ss s t ft $ ^ x\ 
&m&mi 5 i/saittii 5 2^^^<Dm^^r^ 

5 2^/<Y7^im BH&ttgi 5 1 
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ftBHN {*</U#s*&12>'S X) Bfe^Srft-5^ /h$ 
ft«^>f r^KULt?*a-rSO^»* LV\ -Tft^^N 
i F e^tft^Co F e^ColOJ: tljSftSWb 

as*#ftfc<z>#as lv\ tz&»&mi 

[0 4 7 7 ] ft;*b\ m 5 0 "Cd* t'y^/^I 1 4 
T3iy^>^8fe*Lft^T-R3*«tt« 1 4 3^1TI 
70 ^T^«4rJKfiKUfc#'&S:^Ufc*s, T*Jll 4 1 * 
■Cxyfy^iuttftt^ K»Btttll4 3«rSL 
■Ct©ll:«/<>f7^11 5*Wtj&-fZ>tm'<'(T*m 

3£?g-r^ y s/ m**:#i\ ftib\ &mm&m<D±w 
>m 1 4 4 n^3L\c$k^isX*:<D±{zMs<'<T*m&j& 

^ yfi4 4<Dmittm^<^r^m 1 5w«<t^*ifi3«« 

4 ir ^o±coiK^>f T*JI 1 5 i:(D«SCffiJEf^ffllcJ: 9 
i/M7^1^M^^^|-^6tfet'$)5o Sfcl^ 

is* KiM 1 4 7 1 t-iix y f y 1 1 7 y -i 

[0 4 7 8] i^^tt3feS^^4i)(C, ftlOttS&tt 

ttB 1 4 3 bM^^Txm 1 5 ^^^^^^^ii^5/c 
1 5 1 (^TCTM 1 4 2 t l^i^jif 
30 v>T*Jil 5 34:1ft it "CtA^o »«tt»t 

M^tt, ffi^ft*^o*«ttJi*s#i9EbTt>««[te-&*5 

#«ttJIA*#«Ei-*fc t If \ Mt'< 

tzfriz^ Tmm 153 (Dm^-n 1 0 n mj^r^a^ u 
m&m<nmvmik*m7L%z.htm* u^^s, coFe 

ttRftf^Ki- 5 r ir Ji«ffrHJB-C*>S. 
^ [0 4 7 9] t^t, ^!!eatt^cr)T*{- F e C o X 

0 ftC o F e fcE(fc-t-*W«SSi«<b^T»«:ffl^T7 y 
-1 Wb^^ 7 y ^ ^{^o - i ^ x /J>£ft$^< 

1 5 2lC^^fc: 0 >'y</U^^ffltNfct>^i:[^«ft J K^a 

[0 4 8 0] L^b, ^ t'y/<;^(DM^ilI^l^ 
-rr*iiOS&af£JIf£l 5 2<7)^^/<^ TX*[6]Jiia^ 

^^T^jjfanm+m^ c^-r h) »'<<<T*m<r> 

50 R&m&mi 5 2<D&&s<4 r*#r6]li h^^^iffi* 



105 

ft) o 

[0 4 8 1 ] zzx*. m?L&. m&<D%.%im&m<D'7v 

S-e#^ 0 S*&GBtf£JI 1 5 2<D&&s<4TXtt5-Kn s 
mft*J&m (I rMn. RhMn/iMt^) ^IE^ 
a5^^^iolt6 2 0 0 — 2 5 0tOl/v?^ h*^T-j?fc 
jiillg (PtMn, PdPtMn, IrMnft£f£JB 

n, PtMn, PdPtMnf) ^rffil/^^x US?* h 

[0 4 8 2] ^^/^-CliESfilB 
liil 5 2 <D&&s<4 T xft frft V T if tfi\>* 

^R3*BSttMP t Mn^P d P tMnS:ffl^5I4tt, 

u^h^^r-ig (2oo-25ot) -eaaijft* 

[0 4 8 3] mmi 6 T*Stf>IW 
HHMDiHR^ri:^ ^^^T-Sfei^Ttf T E S 

(lOGbps i8l±) TliO. 1 — 0. 
0. 3-1 nmfc#>Z>Zb\Z± *K m h7 sy*«T?t>^ 

HD (*^«) > LDloHMD >HD^1"5^ 

S^-g^mftk tez^x*'*^? ^ 4 xjusy^^ 

Tl£«fcfc« h7 * *«W£T-tt^~ KJRB8HHMDS: 
0. 8/imIgi:/Slf§r^^I^l^ 0 
[0 4 8 4] B5 0(C*3^T^y-B(Om@Ef^^e>± 

raw* g p :?y-BfcAnfrs«ttra#Hc u 
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i 4 snijic^-re^T-^ y — jii^ta-tr >xmnt&9Hj 

m, g f|i2 5-5 0 nmHXgf<gpi:t5^ 
[0 4 8 5] B5 2 Hl^H5ft^{^W^Ufc h * 

<?0 -JilRff^'L^T^— ^K*ffit^MWg f ^±->-/w 

b-mmt<vr*mz Pctn/h^^H^n\ 
7y-ji#iT^-/vK^e>^«*^«w*ss<stt, ft 

J:^#^ty^l«^gAt 
J: flBt^^ffl^itf&SftB P. -Tft^^±T 

iftl-H gpli3 5- 8 0nm. gfli2 5- 50nm 
k It g f < g p t-TZk. ^t7^8iMoT 
ft^J.o h — */U*?£3r^ t 6 0—1 3 0 n m<D 

[0 4 8 6] ^aiM^JlSflatSCfiSiS***^^!* 
[0 4 8 7] 15 3H 

fefflt^fcaMa^y Koiswrffi^*5*t6^-y edx^wo 

^^t^77Ht*)6o Mill iffiTEM (tran 
40 smission electron microscopy) tSl^ffi <D*$~ JV&tfe 
Kb, -t^liffil:^ LTIM 1 n t - A^f t> 

5 3 ft* J: 5 7y-|^^-tCuo# 
®, J; y -B t *18lttiS*iI © C u irOlStffifi 

[0 4 8 8] ^J?*^(7)^^^ LXH, SI^)i^W 

50 ux^6^5c;3Bw»»^fcr-^<o^fi«*jKff t-rsr. 
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u^i-^ox% 7 y -i^if ii±t<^c uicR^n 

tCutt2. 4nnu *8ttiS»«ili2 nmt** 
Ff^(7)^y-^flii¥3. 7 nmtlJffBStfcltT , *> 

r t 5 0 

[0 4 8 9] 

[0 4 9 0] *1\ *»MtwJ:tttf, flfrj*LfcSSloH 
Ac, 494/^7^*^ is K *5j:tf*MR. |AR s 
[0 4 9 1 ] *»WlCJ:ixtf, «ir3iLfcJfS2 7!>S 

^it^ft^^aft^y Koiswx2 o o r- 

KOGMRifl:jtAlTt8ftl 

[0 4 9 2] ^^(^, *»HfcJ:#ttf* ttafcLfcS7<D 

a s t?#s 0 7y-gd5»i^i:fc^ttt, mr 
fpJJbJB £ ^ y C £ 

oaia**K^££*i#r-C#, K^MRa^fc*Sr«or. 

«S*MRft±JiliJ;0(£«^kLfc0. t^SM 
WI3S«:fKHip-r6Cfc*s-C*Sc £. *i K J: o T\ i^ttl 

[0 4 9 3] HlBitLfcJ: *$BWfcJ:*itf. ffi 
[®l] «0^MfifiMS^^IiiM^itS 
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[0 2] **w^^trw</u^BliJ:*5t^T*.?>*t* h7 
[03] 7 y-BK«LT^5*^-ififiK»«OB 

flic u oi»:»t5 7 y -j§K*o:bs«st«#H 

cu^Hff^St^7 7B|ffc§„ 

[04 ] T >^ h y AS- i 0% — + 1 0%, o£ t> , /< 
^7^/f^fy h3 0%~5 0%£^m-f ^fctfjOv'^ir 

[0 5] *»M^-**«^«*«tt3»**^0*ft:tt 
feKflljA & *-f 4K& B "C *> * . 

[0 6] jt*i«jc*^S^ **>"<A'7mMtft, 

[0 7] «*o«««tta**^d^i- ( 5 2o<0BBlB4: 
[08] ftW±<Ds<«< TXtf-O Htfc^jy K<DW£« 
[0 9] #«#OBI«**^Ift0IB^fc* o 

^ [010] ^g^sctt^a^^^ 1 1 3 h 
[0ii] ucMtm^tefth^^T^tfj >- h^i«:S 

[012] v*:7t— # — :/X^fc<h#OH in> H 

[0 13] ttilfcWttifctta'WT;**-* v h^fttHi 
[0 14] tfctSe0il^*3Jt^^WT^7K>f ^ h(OftfSS 
[0 15] #Wlo^t'y/^yiir«P^:J:!)^ 

*8Uoo$Lt^77Btffc5o 
[0 16] tkR« l — 4<o«5g^*3t^x, :7y-JlOM 
s* t ftfltfc/hS < Lfc^FlwMR^b^^^f^j: 5 (-^ 

<bt5^^^l/c^770t$)6o 
[0 17] *»WO««6tt3»*^:y K<D-HJS»tt* 

[018] n«a*^»rs^e^^^Btwsgi[ffl[<o 

40 ^fb£. S^H7^^H UA *^t^atfc6 0 
[0 19] *«^<^T^K#4r4-x.fe#'&«)fiiiaNplWt 
»ffcB#Jlo«teo»^fcfl«£oM«&^i-B 0 
[02 0] R3ft«ttJi<o*?Bffi^5>o[s]WjSlfcr--^On 

y*^#-:/MMMB*»-*-B. 

[02i] mx.m&m\Zs Ru^ffl^m^is 

OR uff ^R»«tt3ie^ofiTfi^oB8«*»a«^tt: 

[022] ^^v^/u^Ko«#tc*r-r6«fetfflo3c^ 

£r^-r0-C£>6 o 
50 [0 2 3] »«ttJSAfc3fi«ttSBO!KffS:afte,*-5 
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[02 4] * V^st/WfMWZ M a-vy^f-f^f^ 

0Tfc£ o 
[02 5] * \?lss</w7£+\z. b: jl — 
fcJ:6#ttM>E SD«ffi«r**.fc«o«tti:aj**r«'f 

[02 7] *»w<o*««tta*^y K*>tt*>-*ifc# 

[0 2 8] *«M^«^ffifex^*-y K^$^»Cftfe<0- 
H jffi ^ ffi £ ^ *T0 "C £> 5 o 
[El 2 9] *an0ttftStt3Mt^y KOjf)(itt0- 

[0 3 0] ^§^^atC«ta?a*^5/ KO§f)l^- 

[03 1] *8H08«ftfi»*^^ K<&$ &^<ft^- 

[032] ^IP^^l^gfeiMi^^S 1 <D%m&M 

[03 3] 03 2 iJl^-rKfttttta**^^*^*^ 

[034] 032 \z^m^&m%)%:m*<Dm<D&teM 

[03 5] «(0 ^ t° y ^;V^g(Dfi7 P p t ^ ia s M 

[03 6] &««[/4J«w*flB-c»ffiK**a** s »e>^ 

[03 7] Rtt!»<D'7zK/i'$WL&}s£Xfi*:tik&1rZG 
[03 8] Au (Ag) /CuMTiffi^^^t 

[039] 032 \^^m%L&m&)3km*<v £ e> 

[04 0] H3 9^^«««tt3b**^^aj»«*^ 
[04 1] ^P^O^^}£fc : ta^^^(D^2^^^^ 

[04 2] 04 1 

-T^r®0-C*>6o 
[04 3] *^I^O?KMffietJa*^0^3 0^ffi^ffi 

[04 4] *^p^^^«^*^*a^u^»if^ 

[04 5 J *«WOB$^«fetSb*iK^SrafflUfc«S^ 
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BtUGBSt— ;/ K©JB2«*llS*lfiw«l5tSr*-r»rffiH-C 
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